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THE PROCESS OF TECHNOLOGICAL COMPETENCE
LEVERAGING

ERWIN DANNEELS*
Department of Management, Worcester Polytechnic Institute, Worcester,
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Technologies are often amenable to uses for a range of markets, but yet are often underutilized,
and consequently not all value is extracted from them. This article presents a longitudinal case
study of a firm that successfully applied a fungible technology to products for its served market,
but was unable to tap its considerable potential in new markets. The processes of resource
allocation and resource transformation inhibited technology leveraging, shaped by the presence
of a competence to serve current customers (a customer competence trap) and the lack of a
competence to gain access to new customers (a marketing competence gap). Copyright  2007
John Wiley & Sons, Ltd.

Since the emergence of resource-based theory, a
distinction has been made between resources and
the services they can provide (Penrose, 1959). It
has also been recognized that a particular resource
may have a range of potential services; in other
words, that resources are fungible (Mahoney and
Pandian, 1992; Penrose, 1959; Teece, 1982). In
particular, a technological competence, as consti-
tuted by a bundle of technological resources, can
provide multiple services. One technology can be
amenable to many market applications and under-
lie many products (Danneels, 2002; Hargadon and
Sutton, 1997; Patel and Pavitt, 1997; Teece, 1982).
Shane (2000) found that one technology invented
at MIT was applied by entrepreneurs to make
eight different products to serve different markets.
Dougherty (1992: 78) mentioned the example of
laser technology, which ‘underlies a wide range of
products, such as fiber optic networks or cutting
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tools, which can be marketed to a wide variety of
customers, from banks to surgeons.’

Despite this potential fungibility, technologies
are often not fully utilized, and consequently not
all value is extracted from them (Thomke and
Kuemmerle, 2002). The classic work by Penrose
(1959 : 76) emphasized that resources are often
not fully used, and that each firm has pools of
unused productive services, ‘at any given time the
known productive services inherent in a resource
do not exhaust the full potential of the resource.’
This point has been supported by several empiri-
cal studies. Burgelman (1994: 48) found that ‘the
productive potential of a firm’s technological com-
petencies may extend beyond the boundaries set
by its product-market strategy at any given time.’
Gambardella and Torrisi (1998) showed the lim-
ited scope to which firms applied their fungible
electronics technologies in various product mar-
kets, while Patel and Pavitt (1997) found that large
firms had a broader range of technologies than
products. Despite their fungibility, technologies are
often not fully leveraged; i.e., they are used only in
limited ways. This lack of value extraction means
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missed profits for the firm, and for societal welfare
at large it means that many benefits of techno-
logical progress are foregone. To understand the
reasons for the ‘under-leveraging’ of technology,
one needs to understand the process of technol-
ogy leveraging. Hence, the research question of
this article is: What is the process of technological
competence leveraging, and can insight into this
process explain why technologies may be under-
utilized?

THEORETICAL BACKGROUND

The extraction of additional value from under-
utilized resources has been referred to as ‘lever-
aging capabilities’. Miller (2003: 971) stated: ‘as
learning takes place, a firm is able to apply the
capabilities learned and resources earned in one sit-
uation to serve a different market or opportunity.’
Leveraging involves drawing on an existing com-
petence, while using it as a stepping stone to build
a new competence (Danneels, 2002). Technologi-
cal competence leveraging is a combination of the
exploitation of an existing technological compe-
tence and the exploration of competences to serve
new customers. Honda provides a classic example
of technology leveraging, as it applies its techno-
logical know-how and production facilities related
to combustion engines to cars, lawnmowers, gen-
erators, motorcycles, and so on (Nevens, Summe,
and Uttal, 1990). As another example, Canon
exploits its expertise in optics and lens grinding
to serve markets as diverse as photolithography,
cameras, and copiers (Nevens et al., 1990). Sim-
ilarly, Japanese brewers apply their technological
competence in fermentation to produce biophar-
maceuticals (Lynskey, 2005). Technological com-
petence is constituted by tangible and intangible
technically related resources (Mitchell, 1992), such
as engineering know-how, manufacturing facilities
and know-how, and procedures for quality control
(Danneels, 2002).

It is not sufficient for a technology to have many
applications; to leverage its technology by apply-
ing it to additional markets, a firm must build com-
plementary market-related assets to serve those
markets (Gambardella and Torrisi, 1998; Teece,
1982, 1986a, 1986b; Thomke and Kuemmerle,
2002; Tripsas, 1997). Market-related resources
include knowledge of customer needs, preferences,
and purchasing procedures, distribution and sales

access to customers, customer goodwill or fran-
chise reflected in the reputation of the firm and its
brands, and communication channels for exchange
of information between the firm and customers
during development and commercialization of the
product. Together these market-related resources
constitute a ‘customer competence’—the ability
to serve a particular market (Danneels, 2002). A
carmaker leveraging its technological competence
in gasoline-powered engines from cars to lawn-
mowers needs to build understanding of different
customers, set up a different distribution channel,
establish a new brand reputation, etc.

Even though leveraging technological compe-
tence provides incremental profits and avenues for
growth and renewal, it seems hard for firms to do
so. However, at this time we have only anecdo-
tal evidence of instances of technology leveraging,
and only fragmented insights into its process. First,
we know that leveraging technology involves the
identification of a technological competence as dis-
tinct from the products in which it is embodied
(Danneels, 2002; Teece, 1982; Wernerfelt, 1984).
Prahalad and Hamel (1990) argued that compe-
tences are not product-specific; they transcend any
particular product. Teece (1982: 45) noted that ‘a
firm’s capability lies upstream from the end prod-
uct—it lies in a generalizable capability which
might well find a variety of final product applica-
tions.’ Second, we know from prior literature that
complementary market-related assets are needed
to access new markets (Gambardella and Torrisi,
1998; Teece, 1982, 1986a, 1986b; Thomke and
Kuemmerle, 2002; Tripsas, 1997). What is missing
in our understanding of the process of technolog-
ical competence leveraging is the role of resource
allocation and transformation. While a technolog-
ical competence may be identified for possible
leveraging across multiple applications, the cre-
ation of market-related resources can be highly
problematic. The transformation of generic firm
resources into specific resources, and subsequently
into valuable output, has so far been unproblem-
atic and implicit in resource-based theory (Barney,
2001; Priem and Butler (2001a, 2001b). Studies
of resource allocation have focused on the allo-
cation of rather fungible resources, such as capi-
tal budgets (Bower, 1970; Maritan, 2001) or ver-
satile manufacturing facilities (Burgelman, 1991;
1994; 1996). The process subsequent to alloca-
tion, transforming the allocated fungible resources
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into less fungible ones, has received little atten-
tion, although authors noted the effect of resource
allocation on strategic renewal (Christensen and
Bower, 1996; Noda and Bower, 1996; Noda and
Collis, 2001). By and large, resource allocation
and transformation have been hidden in a ‘process
black box’ (Priem and Butler, 2001a: 33). Get-
ting a first-hand look at these activities requires a
microlevel study that looks inside the firm.

The case study presented below suggests that
the allocation of fungible resources and the trans-
formation of these fungible resources into new
market-related resources are a function of the first-
order customer competence and the second-order
marketing competence of a firm. The studied firm
(dubbed CHEMAN) struggled to apply a tech-
nological competence it had developed (dubbed
INERT) to alternative markets. INERT is a tech-
nology for making a metal surface inert. Fieldwork
done with CHEMAN shows that, despite great
promise, INERT’s potential outside of its core mar-
ket stayed largely untapped. While CHEMAN had
a strong first-order competence to serve its current
customers, this same competence made exploration
of alternative customers less attractive. In addi-
tion, CHEMAN lacked the second-order marketing

competence necessary to build new customer com-
petences. At CHEMAN, resource allocation and
resource transformation were the operative mech-
anisms by which the presence of customer compe-
tence and the lack of marketing competence con-
strained the exploration of alternative markets.

METHOD

The INERT (disguised name) technology at CHE-
MAN (disguised name) provided a rich empirical
site in which to study technology leveraging, as the
phenomenon was salient there (Strauss, 1987). The
research site is CHEMAN, a company that makes
components and accessories for chemical analysis
(chromatography) instruments. Chromatography is
a technique for assessing the chemical composi-
tion of gaseous or liquid samples (gas chromatog-
raphy is referred to as ‘GC’ and liquid chro-
matography as ‘HPLC’). CHEMAN was founded
in 1985, and in 2002 had about 160 employees
and $26 million in annual sales (see Table 1). In
many ways, CHEMAN has been a very successful
company. It enjoyed sales growth and profitabil-
ity every year since its founding. Its instrument
components, especially those coated with INERT,
have been used extensively by NASA for space

Table 1. Key numerical data during the observation period

1996 1997 1998 1999 2000 2001 2002

CHEMAN annual sales 13,634 15,556 17,552 19,401 21,804 22,808 25,573
# CHEMAN employees 96 119 134 151 150 157 160
Revenue per employee 142.0 130.7 131.0 128.5 145.4 145.3 159.8
% CHEMAN margin (net profit/sales) 14.3 9.9 7.7 11.1 13 11 15
INERT annual sales 342 461 555 801 1025 1084 1251
% INERT annual sales growth rate 34.8 20.4 44.3 28.0 5.8 15.4
INERT net profitc −20 150 145 375
% INERT margin (net profit/sales) −2.5 14.6 13.4 30.0
Passivation annual salesd 342 461 555 801 1025 1041 1201
Corrosion Resistance annual sales 0 0 0 0 0 30 35
Anti-Coking annual sales 0 0 0 0 0 13 15
Ultra-High Vacuum annual sales 0 0 0 0 0 0 0
Total non-passivation annual sales 0 0 0 0 0 43 50
% non-passivation annual sales 0.0 0.0 0.0 0.0 0.0 4.0 4.0
# INERT manufacturing employees 1.5 2 2 2.5 2.5 3 3
# INERT management employees 1 1 1 1 1a 1a 2b

All sales and profit figures are expressed in thousands.
a INERT Business Development Manager said was actually 0.5.
b Interviews indicate 0.5 support from manufacturing engineer, so could be 2.5.
c The INERT Group has operated as a profit/loss product line since 1998. Cost calculations include overhead allocated proportional
to sales.
d About 90% of passivation revenues derive from coating of instrumentation and/or sampling components used for chromatography.
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shuttle and space exploration missions. Mainly,
its customers are analytical labs in both industry
and government that conduct chemical analysis by
chromatography.

The research design employed by Burgelman
(1994, 1996) served as an exemplar for the current
study. Burgelman conducted a longitudinal case
study within one corporate setting (Intel Corpo-
ration), collecting current and historical interview
and archival data during two periods. Data were
collected at CHEMAN during two time periods.
I had regular contact with informants at the site
over a 2-year period in 1996–1998, and again in
the period 2002–2004. Henceforth, the first period
will be referred to as T1 and the second as T2. I
conducted a field study primarily using interviews
and internal company documents as data sources.

The interviewees represent everyone involved
in INERT (see Table 2). In the first round (T1),
11 interviews were conducted with nine intervie-
wees, in the period 1996–98. The second round
of interviews was conducted in 2002–03, with
some follow-up by e-mail in 2004. In the second
wave (T2), 16 interviews were conducted with 11
interviewees. Five interviewees were interviewed
in both the first and second waves of data col-
lection. E-mail exchanges took place throughout
the focal study period of 1996–2002. Additional
e-mail exchanges with questions of clarification
occurred into 2004. Some of the reports by inter-
viewees were retrospective (Miller, Cardinal, and
Glick, 1997); other reports were contemporary
with the activities they described. Interviewees
were drawn from multiple functional areas (e.g.,

R&D, marketing, manufacturing), and from var-
ious organizational levels. Interviews commonly
lasted from 45 minutes to 2 hours, and were tape-
recorded. The tapes were transcribed verbatim.

Various public documents relating to the com-
pany were collected, such as Web page print-
outs, product catalogs and collaterals, and press
accounts. In addition, the company generously pro-
vided access to internal confidential documents,
such as annual financial statements, with detailed
cost and revenue figures for each product line,
product line annual plans, strategic plans, and
detailed figures regarding employees (FTE) allo-
cation over the years (see Table 1).

I used the extended case method (Burawoy,
1991) as a guide to data analysis. This
methodological approach uses empirical data
gathered through case study to reconceptualize
and extend theory. This study contributes to the
integration of concepts and theories by using the
extended case method, which aims to integrate and
synthesize existing bodies of work. The researcher
examines the literature relevant to his/her problem
area, and employs the empirical data to fill in its
gaps, reveal its flaws, elaborate its meaning, and
extend its coverage.

The extended case method approach goes
through many cycles of confrontation between data
and theory, in each iteration directing the analyst to
additional data and drawing on additional concepts
and theories. The extended case method consists of
two ‘running exchanges’ (Burawoy, 1991: 10–11):
between literature review and data analysis, and

Table 2. List of interviews

T1 T2

Repeated interviewees
Founder and CEO Founder and CEO
Director of New Products (3 times) Former Director of New Products/Product Line Manager
INERT Business Development Manager INERT Business Development Manager (3 times)
Product Line Manager Product Line Manager
INERT Senior Scientist INERT Senior Scientist (2 times)

Unique interviewees
Manufacturing Manager INERT Manufacturing Engineer (2 times)
R&D Manager VP of Sales and Marketing (2 times)
Research Scientist Chief Innovations Officer
Research Chemist Chief Financial Officer

Controller
R&D Manager

9 interviewees—11 interviews 11 interviewees (5 same as in T1)—16 interviews
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between data analysis and data collection, repre-
sented as: literature review ↔ data analysis ↔
data collection.

The first running exchange involves the interplay
of existing concepts/theories and analysis of empir-
ical data. In the extended case method, intensive
analysis of the data and exploration of the schol-
arly literature occur in conjunction. Data analysis
points to relevant concepts and theories in the liter-
ature, while simultaneously the literature provides
conceptual frameworks to aid in the interpretation
of the data. The second running exchange calls
for continuously moving back and forth between
data collection and analysis. The analysis of initial
data (itself informed by the first exchange) sug-
gests additional information to be collected.

I was known to be a researcher by participants
in the setting, and participants were aware of my
research topic. I kept a journal that includes field
notes and reflections on the progress of the study.
In later interviews, I asked more specific questions
to refine and elaborate themes that emerged from
the analysis of earlier interviews, and to check
factual data. During all interviews, I encouraged
informants to illustrate their statements with spe-
cific events and examples from specific projects.
Data collection stopped when theoretical saturation
was reached (Strauss, 1987), i.e., when additional
data resulted in minimal incremental understanding
(Lee, 1999).

I thoroughly read interview transcripts, obser-
vation notes, and documents looking for themes
and patterns (Miles and Huberman, 1994). Crit-
ical passages were highlighted and coded, and
initial interpretations were recorded in marginal
notes. When reading and analyzing transcripts,
field notes, documents, and scholarly literature
I generated memos. Memos are brief analyti-
cal notes, i.e., little pieces of insights that the
researcher achieves as he/she proceeds with the
analysis (Strauss, 1987). I continuously matched
and contrasted memos to refine theoretical under-
standing (McCracken, 1988), and I systematically
compared the emergent theoretical interpretations
contained in the memos with the evidence to assess
how well or poorly they fit with the case data
(Eisenhardt, 1989). This iterative process of con-
stantly comparing emergent theory and data led to
more qualified and refined memos. This approach
to theory construction is highly similar to that of
Rafaeli and Sutton (1991: 757), who developed

their insights by ‘an iterative process of travel-
ing back and forth between the data, pertinent
literature, and emerging theory.’ As the study pro-
gressed, I sorted these memos and grouped them
to arrive at conceptual clusters (Berg, 1989). Con-
ceptual clusters are sets of closely related analytic
ideas. These conceptual clusters formed the basis
of the organization of the findings (see Table 3).

In order to organize my data, the development
of two additional tables included in this article
was instrumental. Table 4 reflects the key events
in the history of INERT at CHEMAN. Table 1
presents the main numerical data regarding CHE-
MAN and the application of INERT through the
focal study period from 1996 to 2002. Both tables
were assembled by extracting and matching data
from interviews and documents.

To test the credibility of my interpretations of the
data, I subjected my analysis to member checks
(Hirschman, 1986; Lincoln and Guba, 1985). I
checked my emerging insights on an ongoing basis
with my informants, asking for their feedback,
sometimes in a second or third interview. In addi-
tion, I made presentations of my findings to the
participating firm. The member checks served to
revise and hone the findings discussed below.

FINDINGS

The purpose of this study was to develop an under-
standing of the process of technology leveraging.
The findings presented below are based on field
research and an integration of the scholarly litera-
ture. As discussed, analysis of the data and analysis
of the existing literature were interwoven in deriv-
ing the findings of the study. Consistent with the
method of constant comparison between data and
theory used to derive the findings, the following
sections will tell the data and theory stories jointly
(Orton, 1997).

The INERT technology

The technology called INERT at CHEMAN pro-
vided a great setting to study the process of lever-
aging technological competence. INERT technol-
ogy is a process for making a metal surface inert
by depositing a very thin layer of a silicon-based
(glass-like) coating on it. Various tangible (e.g.,
oven chamber, oven plumbing/valves/pumps, parts

Copyright  2007 John Wiley & Sons, Ltd. Strat. Mgmt. J., 28: 511–533 (2007)
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Table 4. Key events

1985 CHEMAN is founded
1985–91 CHEMAN grows at rate of 65–174% per year
1987 CHEMAN is introduced to INERT technology
1991–95 INERT is applied to chromatography products (metal columns and

air-sampling canisters)
1994 R&D work on application of INERT outside of chromatography starts
1995 HPLC (liquid chromatography columns) are introduced
1996 Brochure is sent out to R&D Magazine mailing list
1997 INERT Group is formed, headed by INERT Business Development

Manager
1997 Applied for first process patent (still pending in 2002)
1998 Applied for second process patent (granted in 2002)
1998 CHEMAN’s profitability sinks to its lowest level in company history
1998–99 Analytical Services department started and dissolved
2000–01 INERT Business Development Manager is assigned to manage two of

the largest product lines (GC Accessories and Air Products) in
addition to INERT

2002 INERT Business Development Manager is assigned full time to work as
Business Development Manager for INERT

cleaner, reaction vessels) and intangible resources
(e.g., knowledge of proper timing, temperatures,
and mixture of chemical agents, how to clean parts
prior to processing) together constitute the com-
petence to apply the process. The silicon-based
coating can be tailored to benefit a variety of appli-
cations. This process was initially discovered in the
1930s by a scientist, but it was not until the late
1980s that it was developed and refined for com-
mercial use by CHEMAN. CHEMAN was founded
in 1985 as a manufacturer of components, mainly
columns and accessories, for chemical analysis
(chromatography) instruments.

In 1987 CHEMAN was introduced to the INERT
coating technology by one customer, who reque-
sted that CHEMAN use it to coat transfer lines
used in chromatography systems. After the success
of this initial application of INERT, the company
applied its newly acquired technological compe-
tence to products for chemical analysis, which
was CHEMAN’s traditional domain. From 1991
to 1995 INERT was applied to develop new chro-
matography products, in particular metal columns
and air sampling canisters.

We came to the idea of INERT actually through
chromatography, but realized that it had much
potential for other market areas than we were
currently selling into. (Director of New Prod-
ucts—T1)

With INERT we deposit a very thin layer of glass
on stainless steel. . . . At first when we developed it
we were making fairly large diameter tubing with

it. Somebody said, ‘Well why can’t we do the same
process with very small diameter tubing and make
capillary columns out of it?’ And that’s where the
development of the metal capillary columns came
from. Because we understood chromatography and
we understood this metal coating technology and
we combined them to make a metal capillary col-
umn. (Director of New Products—T1)

Metal columns were found to be of particular value
in portable and process control instruments, which
require greater ruggedness and temperature toler-
ance. One particular use of portable instruments
is in space exploration, and CHEMAN’s metal
columns were adopted by NASA for space instru-
mentation.

In contrast to their environment in Earth-based
stable laboratories, space instruments are subjected
to extreme vibration and shocks. To be suitable
for space probe conditions the column needs to
be sturdy and shockproof. Recent developments
in column technology have led to metal capillary
columns that are appropriate for space science.
(NASA Publication (1998)—quote is paraphrased
to protect confidentiality)

CHEMAN also applied INERT to develop a new
product line of air canisters that are used to take
samples for air monitoring and testing, which are
still analytical chemistry applications. However,
as the next section discusses, the move outside
of the core market of analytical chemistry was
problematic.

Copyright  2007 John Wiley & Sons, Ltd. Strat. Mgmt. J., 28: 511–533 (2007)
DOI: 10.1002/smj



Technological Competence Leveraging 519

The unfulfilled promise of INERT

I did extensive fieldwork with CHEMAN dur-
ing the period 1996–98, hereafter referred to as
T1. At that time, I was struck by the challenges
CHEMAN faced in commercializing the INERT
technology, even though many diverse applications
were being discovered for it. In the first data col-
lection period (T1), recognition of the ‘limitless’
possibilities of INERT was widespread among
CHEMAN employees. They had high hopes on
how the technology would transform the company
and lead to growth. The following comments were
typical:

We have gotten into a technology that was origi-
nally used to develop our metal columns, it’s called
INERT. I see that branching out into something
totally unrelated to chromatography. That’s where
I see CHEMAN has a lot of promise to grow. Not
just in chromatography. You could coat parts for
instruments; you could coat parts for NASA, for
the automotive industry. And there are applica-
tions that we don’t even know about yet. It’s a
coating surface. So the potential uses are limitless.
(Research Chemist—T1)

In the short term, most of the customers we are
addressing are in analytical gas chromatography.
Lab guys. They have instruments in the lab to run
analyses. Now we’re finding that INERT has some
very nice properties for the aerospace industry,
for jet engines, for diesel engines, for automotive
parts, for petroleum refining. I don’t doubt that
five years from now applications of INERT will be
bigger than anything we’re currently doing. Now
we realize the potential. (R&D Manager—T1)

It was recognized that the development of
INERT had been lackluster, and that more attention
needed to be devoted to it. Plans were made for
investment in INERT, and great expectations of
growth were commonplace.

It didn’t fit with our customer base. I mean—it
does. It has applications in chromatography. But
the application in chromatography may be 1 per-
cent of the total applications. And we had no way
of reaching the other 99 percent. That’s probably
why INERT has not been as successful as we
thought it would be. We realize now that INERT
could easily, if marketed properly, surpass any of
the chromatography products we offer because the
potential market is so much larger. At least some
test trials have shown that it is working in the
aerospace industry, if only we use this technology
to coat afterburner rings in jet aircraft that could
be a tremendous market for us. INERT doesn’t

even represent 1 percent of our total sales, whereas
in five years from now chromatography may only
represent 1 percent of our total sales. (Director of
New Products—T1)

Probably in ‘99 we’re going to bring in more
applications people to generate data on INERT
and develop new products. We’re going to have a
researcher on the process to make it better. We’re
going to develop INERT II and III [means new gen-
erations of the technology]. 1999 is going to be just
a revolutionary year for us. Direct sales will prob-
ably break one and a half million next year, based
on customers in the new market areas. So we’re
hoping for 100 percent increase from ‘98 to ‘99.’
(INERT Business Development Manager—T1)

However, in the second round of data collec-
tion in 2002–04 (T2) very little had been done to
leverage the INERT technology outside of CHE-
MAN’s core market, in spite of the enthusiasm of
my informants in earlier years. In the interviews
conducted at T2, the respondents were still talking
about the potential of INERT.

I think CHEMAN is realizing its potential. A lot
of times people call it our sleeping giant. I think
if we put resources into it, we could really make
some new paths for CHEMAN, you know, take us
in directions that we are not involved in. (Product
Line Manager—T2)

INERT was applied to create two very suc-
cessful new product lines (metal chromatography
columns and air-sampling canisters) serving the
traditional chromatography market of CHEMAN.
However, despite expectations, the technology had
not expanded into commercial products outside
of the company’s traditional scope of chromatog-
raphy equipment. Applications outside of chro-
matography had been explored, but were in an
experimental stage, as they were at T1, and had led
to few commercial sales. At T2, respondents felt
that the promise of INERT had not been fulfilled.

I don’t think INERT has really lived up to the
potential we thought it had, mainly because we
haven’t really applied the effort to it. . . . I think
the same potential is still there. We are doing very
well with INERT within the chromatography mar-
ketplace. (Product Line Manager/Former Director
of New Products—T2)

For those four years after you left, nothing changed.
And just the last year we’ve decided to reinvest and
look at what potential exists with this technology.
(INERT Business Development Manager—T2)
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The movement of INERT into applications out-
side of analytical chemistry, CHEMAN’s tradi-
tional field, was very slow. At the close of the
study period, most of the revenues from INERT
came from coating pathways for chemical analysis
instruments, which is closely aligned with CHE-
MAN’s traditional business in chromatography.
Table 1 reveals that most of the revenue generated
by the INERT Group, throughout the study period,
derives from passivation of components used for
chromatography.1 Even at the end of T2, sales out-
side of the chromatography field constituted only
4 percent of revenues of the INERT Group.

In the following sections, the case of INERT
will be analyzed in a thematic order, rather than
a chronological order. However, a chronological
account of key events in the history of INERT is
presented in Table 4.

The process of technological competence
leveraging: de-linking and re-linking

Technology leveraging involves two distinct steps:
de-linking and re-linking. Penrose (1959: 25) stated
that ‘resources consist of a bundle of potential ser-
vices and can . . . be defined independently of their
use.’ De-linking involves viewing technology in its
own right, as distinct from its embodiment in prod-
ucts; and re-linking involves applying the technol-
ogy to new products that address new customers
(Danneels, 2002). Figure 1 depicts the process of
technology leveraging as consisting of two steps:
de-linking and re-linking.

1 ‘Passivation’ means the application of INERT to surfaces which
are absorptive or cause catalytic breakdown of compounds to be
analyzed (INERT Product Line Plan—1996). ‘Chromatographic
passivation’ means the passivation of metal surfaces used for
chromatography, in particular of components for sampling and
transfer of liquid or gas samples.

De-linking involves abstracting away from the
particular product in which the competence is cur-
rently embedded and identifying the competence in
its own right. Decoupling the linkage between the
technology and the product involves stepping back
from the current product, and identifying what
technological competence(s) is (are) embedded in
it. Hamel and Prahalad (1994) argued that in order
to leverage competences, managers need to escape
a product-centric view of their firm, and examine
the capabilities on which their products are based.
According to Hamel and Prahalad (1994: 227), ‘in
defining core competencies, managers must work
very hard to abstract away from the particular
product configuration in which the competence is
currently embedded, and imagine how the com-
petence might be applied in new product areas.’
CHEMAN ‘imagined’ the application of INERT
in areas outside analytical chemistry by learning
about new applications in two ways. First, the net-
work of scientists and R&D chemists in which
CHEMAN was embedded played a great role in
de-linking and therefore broadening the scope of
potential opportunities to apply INERT.

So many people knew so many other people with
traditional inertness problems of metal. . . . We had
a contact at a university who worked with the
Air Force. They have difficulty with their fuels
coking and clogging their fuel nozzles. So we
started working with them. (Manufacturing Man-
ager—T1)

Some of that came in sort of sideways through
our chromatography contacts that had contacts else-
where. For example, we were working with a pro-
fessor. He was looking at INERT in terms of chro-
matographic properties, but through his contacts at
the Air Force he also said, ‘Well this may have
some advantage for jet engines.’ They were hav-
ing a problem with coking of jet engines. We said,
‘Let’s INERT these nozzles to see whether we can

De-Linking

Recognize technological
competence in its own right

• Imagine alternative
  applications

• Characterize technological
   competence

Re-Linking

Serve new customers with
technological competence

• Build market-related
   resources to address new
   types of customers

• Develop products and/or
   intellectual property

Figure 1. Technological competence leveraging
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eliminate the coking problem.’ And it seemed to do
that. So that got us into a whole new vein basically
of looking at INERT as an anti-coking technol-
ogy as opposed to a chromatographic technology
for chromatographic passivation. . . .That was the
first indication that INERT might have some uti-
lization outside of chromatography.’ (Director of
New Products—T1)

The second way that CHEMAN learned that its
new technological competence could be applied
to many areas, was through deliberate search. In
1996, as a tool for identifying potential appli-
cations, CHEMAN developed a brochure that
described the INERT technology, and mailed it out
to a broad variety of potentially interested technol-
ogists.

And then we said, ‘Wow, if this professor is inter-
ested, maybe there are a lot of other people inter-
ested in this technology.’ We started brainstorming
ways of trying to find markets for INERT. We
decided the best thing was a shotgun approach to
marketing. We said, ‘Well, how are we going to
reach these people that might use INERT?’ We
decided research people would most likely at least
be interested in playing with INERT. So how do
you reach research people? Well, we purchased
a list of names of subscribers to Research and
Development Magazine, which are researchers that
are doing anything from aerospace engineering to
food engineering, and mailed them a brochure that
explained it. . . . We put together a brochure that
said, ‘We have this wonderful technology, INERT,
and it can be used for many different things. Do
you have any use for this? If you do, contact us and
we’ll work with you to develop products.’ If you
look at the brochure, it’s very simple, easy reading.
There are maybe six pages with a lot of pictures
and ideas of how the product can be used. (Director
of New Products—T1)

We did sort of a fishing expedition and that brought
back interests of markets we never even knew
existed. Like [aircraft engine manufacturer] called
us and said ‘Will it protect pistons?’ Then we had
other companies that were doing fuel injections for
airplane engines, I mean stuff that we never would
have thought of. . . . That is when we realized
the potential to dabble into some other markets.
(Product Line Manager—T2)

CHEMAN identified a variety of applications
through mailing a brochure about INERT to a
broad list of people interest in R&D, which resulted
in inquiries from manufacturers in fields as diverse
as dental braces, pharmaceutical inhalers, semi-
conductor process equipment, and aircraft engines.

The brochure generated interest from customers in
a wide variety of industries, all of whom saw a
potential application of the technology. This quote
gives an overview of the variety of different cus-
tomers who expressed an interest in INERT after
learning about it through the brochure:

We’ve gotten a very wide variety of calls. For
example, in the aerospace industry they want to
coat afterburner rings in jet aircraft. As the fuel
burns, carbon is deposited on the afterburner rings,
which requires servicing the engine. They have
to tear the engine apart, clean the ring off, and
put it back together again. Putting this coating on
the ring causes much less of the deposit to be
formed, which means the aircraft can go much
longer without this maintenance. We would never
have suspected anything like that. Then somebody
wanted to use the process to coat dental braces,
because the acid in your mouth reacts with metal.
They can’t make braces out of stainless steel. They
have to use alloys that are fairly expensive. This
coating on the steel makes it less prone to attack
by acids. Another example is soldering guns for
making printed circuit boards. Solder tends to stick
to stainless steel, so they have to constantly replace
the tips. Somebody felt that maybe if we could put
this coating on the tips for the soldering irons, that
the solder wouldn’t stick. So I mean there are a
wide variety of applications that we could never
in our wildest imaginations have come up with.
(Director of New Products—T1)

De-linking also involves technology character-
ization, in order to determine the fungibility of
the technology. The examination of the technology
per se, in this case of the material characteristics
of INERT treated metals, moved CHEMAN from
understanding INERT as a product to a technol-
ogy that is embedded in products. Interviewees
reported on the ongoing efforts to characterize the
properties of the INERT coating. The initial R&D
work on application of INERT outside of chro-
matography started in 1994.

We felt the technology would work universally and
then customers started sending stuff to us and we
realized that the process requires a lot of tweaking
to make it work between one metal and another.
It’s not a simple thing that you just put this metal
in instead of that metal and have it work. . . .
We still need to work on the technology itself.
When we started new applications, we found that
the technology needs to be refined. Right now
we are looking for a couple of engineers to help
us perfect the technology and allow us to utilize
the technology in a wide variety of applications.
(Director of New Products—T1)
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Work on the characterization of INERT and the
pursuit of non-chromatography applications began
in earnest with the formation of the INERT Group
in 1997, headed by the INERT Business Develop-
ment Manager. However, at T2 this characteriza-
tion work had progressed little:

We still don’t know what the maximum tempera-
tures are, or what the resistance to different levels
of acids is. We know some of that on a very ele-
mentary level, but not on the level that we need to
become a coatings business and play in the semi-
conductor industry or coat a reaction vessel for a
processing plant. When does it work, is there a limit
on the size, when does the coating become brittle or
things like that. (VP of Sales and Marketing—T2)

One of the things that we really need to do is to find
out its characteristics. What is it good for, what is it
not good for, what are its limits. We really need to
find that out because customers will ask ‘How does
it work for this, how does it work for that?’ We
don’t know. And now we’re sort of characterizing
it and finding out its limits and capacities and
seeing where it can be used. . . . I bet we’re just
scratching the surface. I mean from a materials
research perspective, there is a ton of work that
needs to be done. (Product Line Manager—T2)

The plan of the newly formed INERT Group
mentioned as goals:

To fully measure all properties the INERT layer has
as a passivation layer for stainless steel surfaces. . . .
To begin getting the INERT treatment recognized
as an option for passivation of stainless steel parts
and piping in the non-chromatography industry . . .
Start working on transfer of this technology to
the non-chromatographic market. (INERT Product
Line Plan—1996)

Technology characterization is necessary in de-
linking, whether the commercialization of the tech-
nology happens through product development or
intellectual property. For either route to commer-
cialization, the functionalities of the technology
have to be understood before they can be linked
with benefits in different market applications.

We don’t know how to even present it to the
distribution channel, because we don’t know how
it’s better than what they are currently selling to
make it worth their while to even take our call. So
I think we know the questions to ask, we just need
to do enough homework so that we have at least a
rudimentary background of enough technical data
to be taken seriously in the field. (VP of Sales and
Marketing—T2)

Similarly, technology characterization is a con-
dition for obtaining patent protection, because it is
necessary to show the functionality of the technol-
ogy in the domain that the patent is applied for.

If you apply for a patent like for corrosion resis-
tance, you have to show data that INERT has
corrosion-resistant properties. We didn’t have the
data to apply for the patent, so in the last cou-
ple of years we’ve been gathering more data to
allow us to apply for those patents. (Product Line
Manager/Former Director of New Products—T2)

While the de-linking step of technology leverag-
ing was less problematic, CHEMAN had trouble
with the re-linking step of technology leveraging.
Re-linking involves building the market-related
resources necessary to serve new kinds of cus-
tomers, and developing either physical products
or intellectual property. CHEMAN had two non-
mutually exclusive options for profiting from its
INERT technology (Ford and Ryan, 1981; Kollmer
and Dowling, 2004). The first option was to use
the technology to develop products internally; the
second was to license the technology to other man-
ufacturers. Several authors have pointed out that
to extract value from technological competence,
complementary assets must be present (Teece,
1986a, 1986b; Tripsas, 1997). Danneels (2002:
1102–1103) referred to the bundle of resources
necessary to serve a particular group of customers
as a ‘customer competence,’ which ‘is constituted
by such market-related resources as: knowledge of
customer needs, preferences, and purchasing pro-
cedures, distribution and sales access to customers,
customer goodwill or franchise reflected in the rep-
utation of the firm and its brands, and communica-
tion channels for exchange of information between
the firm and customers.’ Depending on the mode
of commercialization of the technology, the cus-
tomers may be users or licensees, buying respec-
tively physical products or intellectual property,
but in both cases some degree of these comple-
mentary market-related resources (Mitchell, 1992)
are necessary. For instance, in both instances a
deep understanding of customer needs is neces-
sary to understand how the technology satisfies
those needs, and what value customers would place
on satisfying those needs. As an another example,
while licensing would require a smaller sales force,
the sales activities involved in gaining access to
potential licensees and negotiating licensing con-
tracts with them need to be performed.
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Following the recognition of the INERT compe-
tence as separate from its current products, CHE-
MAN sought to re-link their INERT technology
to customers outside of its core market of analyt-
ical chemistry. However, various complementary
assets to address customers outside of analytical
chemistry were absent, in particular, company rep-
utation, relationships and channels of communi-
cation with customers, and sales and distribution
channels.

We can’t sell through our sales people because
they’re not visiting the customers that want this
new product. We can’t sell it through the distribu-
tion that we sell through because typically they’re
serving laboratories. If we develop a product that
goes outside the laboratory, there’s no way for us
to market that with our standard techniques. In the
past every product we developed fit into the lab-
oratory setting. If the product is not designed for
a laboratory, you have to find some new way of
marketing that. (Director of New Products—T1)

I couldn’t just knock on [disguised] Air Force
Base’s gate and say, ‘Is there anyone in here that
needs a coating for this application?’ So you have
to establish contacts and build rapport with peo-
ple in different industries.’ (Manufacturing Man-
ager—T1)

When we go meet with firms in the [disguised]
industry, they’ve never heard of us before and
they’ve never heard of our coating before. They
go ‘who is CHEMAN, never heard of them, what’s
this coating, how do we know it’s not crazy Eddy
trying to sell us things.’ (Founder and CEO—T2)

Our current domestic sales force doesn’t have that
level of comfort that they are able to go outside
of a chromatography lab and sell the product.
None of them do. (INERT Business Development
Manager—T2)

It’s a learning experience for us to try to market
into a totally new market area. And I don’t know
whether we’re doing a good job or not because
we really don’t have a lot of previous experience
with it. We’ve tried some other routes and we’re
attending some trade shows we never went to
before. We’ve rented mailing lists that we’ve never
rented before. And hopefully we’re targeting the
right people. (Director of New Products—T1)

The following section shows that the re-linking
step requires the allocation of significant generic
resources to be transformed into market-related
resources.

Resource allocation and resource
transformation

Despite the fact that INERT had been de-linked
from its embodiment in chromatography products
and its potential for alternative applications had
been recognized, the accumulation of complemen-
tary assets to commercialize INERT was lackluster
and intermittent. The CHEMAN case points to the
role of resource allocation and transformation as
impediments.

The creation of complementary assets requires
resource allocation and transformation. Resource
allocation involves pinpointing generic resources
to be transformed into specific resources (Mari-
tan, 2001; Noda and Bower, 1996; Noda and Col-
lis, 2001). Generic resources are general-purpose
resources, with a high degree of fungibility (Teece,
1986a). Financial resources have the highest degree
of fungibility; i.e., they can be assigned to the
highest variety of uses. Employee time is also a
relatively fungible resource, albeit that the produc-
tivity of that time will depend on its use within
the domain of expertise of the employee. Specific
resources are specialized to the performance of a
particular task. Resource transformation is the con-
version of generic (highly fungible) resources into
specific resources (limited fungibility).

The leveraging of INERT required the alloca-
tion and transformation of a variety of generic
resources into specific resources. For instance,
human resources were converted into resources for
technology competence and customer competence,
mainly via the INERT Senior Scientist and the
INERT Business Development Manager, respec-
tively.

Patents are an example of specific resources.
CHEMAN was reluctant to allocate resources to
obtain and defend patents relating to INERT, as
evidenced in an action item mentioned in a docu-
ment and a statement made by the CEO:

Seek a lower-cost patent attorney than our current
one. (Planning Document—2002)

Well, the patent protection will help us, but the
patent is something the company has to defend. We
have to fight somebody and claim they are infring-
ing. . . . We just didn’t have the expertise, the peo-
ple, the understanding in-house, or the resources to
really make it happen. . . . It takes a lot of legal
resources; it takes a lot of resources away from
your core issues. (Founder and CEO—T2)
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Consequently, it was not until 1997, 10 years
after it first starting refining INERT, that CHE-
MAN applied for its first process patent (which
was still pending in 2002). In 1998, CHEMAN
applied for a second process patent (which was
granted in 2002).

Even though the potential of INERT was repeat-
edly and widely recognized at CHEMAN, the allo-
cation of resources (in particular, human resources)
in pursuit of this potential was intermittent and ten-
tative. Consequently, the development of comple-
mentary resources, in particular, knowledge about
and relationships with potential customers, was
very slow. This occurred early in the study period
(mid-1990s), as well as later (late 1990s). The fol-
lowing quotes illustrate the early lack of resource
allocation.

Strides really slowed down and not a lot was
done from ’95 to ’97. There was no dedication
to it. It was buried within another department. It
was barely keeping its head above water. (INERT
Business Development Manager—T1)

It’s a matter of having the person to follow-up.
Like when we tried to send out direct mail pieces
to solicit leads to then follow-up on. But when we
did that, we got inundated with so many things.
We were shooting ourselves in the foot by not
being able to follow-up. (VP of Sales and Mar-
keting—T2)

I was stretched thin. I was a product line manager.
I was also manufacturing manager. I was also
departmental supervisor. So there wasn’t a lot of
time. In the first six months I was struggling with
the other products that I was supporting. There
were not enough resources available within myself
or within CHEMAN. . . . Just needed the time
to do it. . . . The only thing that kept it going
was superhuman efforts by everybody involved.
(INERT Business Development Manager—T1)

In the late 1990s, stagnating company perfor-
mance prompted a refocus on the core business,
exacerbating the lack of resources for INERT. In
1998, CHEMAN’s profitability sunk to its low-
est level in company history (see Table 1), and in
2000 a decision was made to assign responsibil-
ity for the largest product lines (GC Accessories
and Air Products) to the INERT Business Devel-
opment Manager, in addition to his responsibility
for INERT. Since he had formerly managed both
of these two traditional product lines, he was con-
sidered the best person to pull these core products
out of their slump.

[INERT Business Development Manager] was
taken out of that role and was diluted by giving
him product line management responsibilities for
other product lines as well. It just wasn’t getting
the resources. (Product Line Manager—T2)

When we had a reshuffling of product managers
a couple of years ago, [INERT Business Devel-
opment Manager] also took on the responsibil-
ity for our biggest product line, and for another
very rapidly growing product. So we gave him
the responsibility for all three of those businesses.
Unfortunately because of that, he couldn’t spend
enough time on just INERT. (Product Line Man-
ager/Former Director of New Products—T2)

Over the last four years, all of us were invested into
gas chromatography and nobody was running the
coatings division. [INERT Senior Scientist] did a
lot of work with coatings, but for gas chromatog-
raphy. Myself, I was divested to working in our
gas chromatography accessories line and nobody
was responsible for growing this business. (INERT
Business Development Manager—T2)

Also, research attention to INERT was diluted.
The scientist was assigned to work on the main
product lines in addition to his research to charac-
terize INERT.

At the time, I was researching new columns and
trying to do INERT research at the same time. They
weren’t things that go together. (INERT Senior
Scientist—T2)

It just took time for CHEMAN to apply resources
to it. We always kept saying, ‘This is going to be
big, this is going to be big.’ And then [INERT
Senior Scientist] was really the only scientist that
was focusing on it, but he was doing a bunch of
other things as well. (Product Line Manager—T2)

Table 1 shows that the sales growth rate of
INERT from 1996 to 2000 had been high (between
20.4% and 44.3%), while it declined substantially
following this personnel reassignment in 2001 and
2002. Despite the very high and increasing margin
of INERT at the end of the study period (the end
of T2), the struggle for resources continued:

Our team is going to put together a business devel-
opment plan this year to look at these different mar-
ket areas. The idea was originally to hire somebody
to do this. But in our strategic planning meetings
it was said that it doesn’t have to be a full time
job, somebody can do it in addition to their regu-
lar job. They were making that same mistake. We
brought up during that meeting that if we do not
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have a focused resource for that, we’re going to get
spread thin. Of course, you can tell a person to do it
part time and they’re going to make sure they get
their regular job done first. And only when they
have spare time they would (pause) . . . who has
spare time? (INERT Business Development Man-
ager—T2)

The decision was to give [INERT Business Devel-
opment Manager] responsibility for several product
lines, because he had the expertise to manage the
product lines. We didn’t have a true understand-
ing of how much effort he would need to manage
the other businesses, how much of his time would
be taken away from the INERT product line. It
took us a year or two to realize that INERT wasn’t
growing the way that we expected it to grow and
asked why that was. And we looked at it and said
that [INERT Business Development Manager] was
trying to juggle too many things at one time, and
decided to take some of those other responsibilities
away from him, so he could focus his full attention
on INERT. (Product Line Manager/Former Direc-
tor of New Products—T2)

The literature has recognized the importance
of slack resources to firm innovation (Bourgeois,
1981; Nohria and Gulati, 1996). Presence of finan-
cial slack, a generic resource, enables the invest-
ment in less generic resources, such as personnel
and capital equipment. Burgelman (1991) empha-
sized the necessity of slack resources for autono-
mous strategic initiatives to become incorporated
into corporate strategy. O’Brien (2003) found that
financial slack, in particular that generated by debt
financing, helps firms to pursue innovation through
R&D. Debt serves as a buffer that allows con-
tinuity in financial slack, such that uninterrupted
investments in innovation can be made in spite of
cash flow volatility (O’Brien, 2003).

The sporadic allocation of resources to INERT
was the result of two financial policies at CHE-
MAN: to avoid debt and to maintain stable profit
margins. CHEMAN’s capital structure policy was
to avoid taking on debt, preferring instead self-
financing:

We fund it all in cash flow, so we’re doing okay.
We save money. Again, we’re privately held, so
we’ve always put the money back into our busi-
ness. We have debt, but we have relatively low
debt, compared to a lot of companies. (Founder
and CEO—T2)

Consequently, financial slack fluctuated at CHE-
MAN, and this led to piecemeal and discontinuous
investment in INERT:

When we’re having record profitability you’re
going to see spending. And you’re going to see
less risk aversion. You ask for a $10,000 piece of
equipment right now and you’re in trouble, but next
quarter, if you’re hitting your numbers and prof-
itability is good, you ask for that $10,000 piece of
equipment, you’re going to get it. (INERT Business
Development Manager—T2)

Because of self-financing, the company was
very dependent on its fluctuating profits to invest
in new opportunities. As can be seen from
Table 1, efficiency in human resources (revenue
per employee) and profitability (margin) dropped
in the years (1997–99) preceding the reassignment
of the INERT Business Development Manager
(in 2000). So the profitability and efficiency of
CHEMAN can be said to have a close, albeit
lagged, relationship with investment in INERT.

In 2000, 2001 we were looking at bringing the
profitability up to 15 percent corporate-wide. It
had slipped. We had a lot of hires, revenues didn’t
jump company-wide in response to the extra salary
we had. So at that point it was considered, well
we’re not losing anything by having all this work
concentrated on a few. Our profitability will jump.
. . . At the same time it was felt ‘these people
can handle it, what’s suffering?’ (INERT Business
Development Manager—T2)

The non-debt policy was exacerbated by another
financial policy, to maintain a 15 percent profit
margin every year, which made investments even
more dependent on cash flows:

(Chief Financial Officer—T2): Now there’s a bud-
getary constraint that may be what you’re picking
up on. And that is we strive every year to bud-
get a 15 percent operating profit. (Me): It seems
that the 15 percent rule has put a very strict cap
on new employee hiring. (Chief Financial Offi-
cer—T2): Not strict enough. . . . I believe that you
should become more efficient as revenues grow,
you should be able to do more things with the
resources you already have.

Profitability exceeding 15 percent for the year 2000
can be achieved if we increase our sales with-
out additional costs to our payroll. Our challenge
for 2000 is to grow with the people resources we
currently have. . . . The budget for payroll will be
exactly the same as this year. . . . We must make
do with the people we have and put them in the
places absolutely necessary to create growth and
profitability for the year 2000. (Planning Docu-
ment—1999)
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Customer competence trap

The disconnect between the recognition of ‘limit-
less’ opportunities in INERT and reluctant alloca-
tion of resources to pursue these opportunities sug-
gests that mere opportunity recognition is not suf-
ficient for resource allocation to occur. Rather, the
allocation of resources to opportunities and their
subsequent transformation depend on the presence
of impetus, a driving force (Bower, 1970). Cur-
rent customers and the revenue stream they gen-
erate have a strong impetus toward the allocation
of resources to technological development (Chris-
tensen and Bower, 1996). The initial development
of INERT was generated by the impetus of cur-
rent customers, since the technology was used for
products serving those customers:

Right now we work with our air-monitoring group,
our GC accessories, HPLC, and we do a lot of paths
for them. . . . So we’re an intermediate in a lot of
CHEMAN’s products, but now we want to focus on
outside customers. (INERT Business Development
Manager—T1)

However, in its efforts to branch out to other
markets, INERT was de-linked from current cus-
tomers and was no longer associated with rev-
enue streams, and hence the technological com-
petence in INERT became ‘orphaned.’ In other
words, since the applications of INERT outside
chromatography had no revenue attached to them,
the impetus for their pursuit was weak.

Noda and Bower (1996) and Noda and Col-
lis (2001) found that operational results of new
businesses had a large impact on subsequent com-
mitment of resources to those initiatives, leading
to iterative escalation or de-escalation of commit-
ment. Similarly, CHEMAN made resource alloca-
tions to INERT proportional to its revenue:

There are only so many different things that you
can invest in and those same people, like [INERT
Senior Scientist] and [INERT Business Develop-
ment Manager] who know the most about INERT
are also critical in running the other product lines
that are generating more revenue. It’s hard to take
them off those revenue-generating lines. Say it’s
2 percent versus 35 percent of our business. Let me
think, which are you going to invest in? (INERT
Senior Scientist—T2)

Resources were allocated based on immediate
returns, in effect favoring the exploitation of the
current customer competence vs. the development

of competences to serve different customers. CHE-
MAN managers stated that the INERT technology
had to prove its potential in these alternative appli-
cations before investment in pursuing them was
made:

Where is the revenue coming from? INERT as a
whole is going to get 1 percent of the total time and
effort dedicated to it, compared to the traditional
moneymakers. (VP of Sales and Marketing—T2)

We have a plan where as the revenue grows, we
will also grow the division, hire more people,
expand our workspace, build a new building. That’s
all in the plan, but right now we’re trying to make
do with what we have. Let’s face it, what’s the
INERT Group’s revenue right now for the year,
1.3 million dollars and we’re a 25 million dollar
company. So we’re a drop in the bucket and we can
only expect a proportional investment. As we show
promise and grow, the investment will improve.
(INERT Senior Scientist—T2)

We never had somebody come to us with an order
in hand, so we would be investing in a fishing
expedition. (Founder and CEO—T2)

This gave rise to a Catch-22: resources were
not allocated to the opportunity to leverage INERT
until it generated revenue, but the opportunity did
not generate revenue because insufficient resources
were allocated to pursuing it.

In 2000, there were some weaknesses in our eight
product line managers. We narrowed it down to
four that were able to lead the group for each of
the product lines. . . . The executive team felt that
we only had four that we were able to perform
that function properly. And amongst those four, all
the product lines were split. And I was considered
to have a small product line based on its revenue
number. That was the justification—if you look
at INERT in terms of just the revenue number,
and not the potential, it looks small. They felt I
could take on more product lines. (INERT Business
Development Manager—T2)

Levitt and March (1988) described a compe-
tency trap as the self-reinforcing exploitation of
a current competence that makes the exploration
of new competences unattractive (see also March,
1991; Levinthal and March, 1993). Firms accu-
mulate experience in those domains of activity in
which they have competence, further enhancing
this competence, and concurrently locking them-
selves out of other domains. The case of CHE-
MAN points to resource allocation and transfor-
mation as the mechanisms by which competences
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become traps. CHEMAN had a strong customer
competence in serving the analytical laboratory
market, which made exploration of non-analytical
markets relatively unattractive:

The people involved in the INERT technology are
also involved in chromatography and are important
contributors in those areas. If I completely move
them out of the organization, I have a hole. . . . If
I just pull them out and say, ‘Okay, you guys are
the INERT Group’ there would be a lot of damage
done in the programs already going on. (Founder
and CEO—T1)

The company looked internally to its core business,
which was gas chromatography. In ’98, our prior-
ities got switched to making columns and more
GC accessories. I think we only grew modestly
the prior year as a company. The coatings group
had grown 44 percent, but because of the knowl-
edge that we had in manufacturing and product line
management, we were tasked into different things.
Different things took priority. Myself, instead of
marketing one product line, which was coatings,
I was brought into GC Accessories and Air. GC
Accessories is our largest product line. (INERT
Business Development Manager—T2)

Customer competence and resource allocation
are intertwined and reciprocal. Resources are allo-
cated to serve customers that the firm can already
serve, and consequently the competence to serve
those customers becomes ever stronger, in effect
creating a competency trap (Danneels, 2003;
Levinthal and March, 1993).

In the chromatography business we have so many
resources and so much expertise internally; we
have very little internal resources and expertise
in INERT technology. Unless you conscientiously
make the decision to bring in more people with
metal passivation expertise, it’s just going to hap-
pen slowly. (Product Line Manager/Former Direc-
tor of New Products—T2)

Finally, at the end of the study period, in 2002,
the INERT Business Development Manager was
assigned full time to work as Business Develop-
ment Manager for INERT. However, when asked
whether they still felt pressure from the company
in terms of justifying their resource allocation, the
core members of the INERT Group said:

(INERT Business Development Manager—T2):
Not since we’ve been hitting projections. (Me):
Projections meaning revenue projections? (INERT
Business Development Manager—T2): Yeah.

(INERT Senior Scientist—T2): Revenue growth
and profit . . . as long as you keep hitting your
numbers.

Marketing competence gap

CHEMAN had operated under a ‘market-driven’
philosophy, as it was put by several informants
and documents, trying to supply everything that
chromatographers need. In this philosophy, the
relationships with current customers formed the
impetus for resource allocation and transformation.
In contrast, the commercialization of INERT was
described as a technology-driven effort, identify-
ing and delivering the benefits of INERT to any
market.

Our products are primarily market driven with
some being technology driven. [The list of tech-
nology-driven products mentions INERT tubing.]
(1991–92 Strategic Plan)

A company can be a market-driven company or a
technology-driven company. CHEMAN by nature
is a market-driven company. This product [INERT]
is technology-driven and there is a conflict inter-
nally. (Founder and CEO—T2)

Some people felt we shouldn’t even go outside the
chromatography market. Basically the vision of the
company is to be the best chromatography supplier
in the world. INERT doesn’t fit into that if it’s
pursuing market areas that are not chromatogra-
phy. . . . INERT is pursuing coating technologies
to supply any market where it could be used, and
so it becomes a technology-driven business. As
opposed to a market-driven business like CHE-
MAN, which looks to supply anything the chro-
matographer needs. (Product Line Manager/Former
Director of New Products—T2)

When interviewees reflected on the promise of
INERT, they understood that the full exploitation
of INERT would require CHEMAN to address new
customers. Building a new customer competence
involves developing knowledge about new cus-
tomers and gaining access to them through sales
and distribution channels.

Finding a market that will benefit from your mate-
rial and be willing to buy . . . It was a challenge
trying to find a market area. We attended the trade
shows to at least get a feel for it, and then we asked
[customers who responded to the brochure] to get
a better understanding. (INERT Business Develop-
ment Manager—T1)
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In contrast to its strong customer competence,
reflected in its ability to serve its particular group
of customers well (in analytical chemistry), CHE-
MAN lacked a second-order marketing compe-
tence. A second-order competence is a compe-
tence to build new first-order competences (Col-
lis, 1994). Danneels (2002) defined a second-order
marketing competence as the ability of a firm
to build new market-related resources, enabling
it to address new markets. It includes skills in
such areas as: assessing the potential of new mar-
kets, building relationships in new markets, set-
ting up new distribution and sales channels, lever-
aging brand/company reputation to new markets,
researching new competitors and new customers,
developing new advertising or promotion strate-
gies, and developing new pricing strategies. In this
sense, a marketing competence is a competence
to build new customer competences (cf. Collis,
1994).

The ongoing investment in INERT was driven
by CHEMAN’s customer competence, as INERT
was initially applied to products serving its chro-
matography customers.

If we didn’t have the initial interest in the chro-
matography world, we wouldn’t have been able
to justify putting more money into it, because we
were a chromatography company dyed-in-the-wool
when we started. . . . Without that initial interest
in the field that we knew very well, we wouldn’t
have bothered to put more money into developing
the technology. We could have put more money
into column improvements. . . . So that’s why we
started out applying INERT in the chromatography
field. . . . We were so focused on chromatography,
it’s almost like we had blinders on. You know,
like they put on a horse to keep it from becoming
distracted. So as far as we were concerned, there
wasn’t a whole lot out there besides the chromatog-
raphy world. That limited our perspective, I think.
(Manufacturing Manager—T1)

The lack of second-order marketing competence
limited the scope of the application of the technol-
ogy:

The marketing side of CHEMAN is probably the
weakest point of the company. In the past all of our
products were marketed to the same group of cus-
tomers. . . . If you go after new types of customers
and don’t have a very strong marketing side to
the company, you can flounder. I mean we’ve had
INERT since I’ve been with the company. We’ve
had that product for eight years. For the first seven
of those years we didn’t know what to do with it.

. . . Probably the biggest customers are not existing
customers. And finding those is a lot more difficult.
So there’s a lot more prospecting work involved.
So there’s a lot more burden on marketing. . . . We
really developed INERT for the chromatography
application of it. And then we realized that it has
utility in many, many more areas. (Director of New
Products—T1)

The lack of marketing competence is evidenced
in various ways. First, managers struggled to assess
the potential of alternative markets for INERT.

We didn’t know where INERT would fit in. The
easiest thing to say is that INERT is great and
it will work for everything. But you’ve got to
find out if it’s going to apply to that market,
where it applies, if something else already applies
and you’re competing against it. (INERT Business
Development Manager—T1)

Consequently, they failed to make a strong case
to justify the allocation of generic resources to be
transformed into market-related resources.

It may be that someone thinks we should have
hired a couple of chemists and just jumped in.
And that someone, whoever it is, should have put
together a plan that said if we do that, here’s
what we can expect. If this INERT group could
demonstrate that they need more people to grow,
we would support it. In the short term, ten years,
I think chromatography is a very safe place for us
to be. It’s not going to go away. (Chief Financial
Officer—T2)

I don’t know that we are cash constrained to do
more in INERT. I think we are knowledge con-
strained much more than we are cash constrained.
Knowledge about where might this work. Where
might you take INERT and be successful. (Chief
Financial Officer—T2)

Documents repeatedly mention the lack of infor-
mation about markets for INERT as a weakness,
and emphasize the need for market studies. How-
ever, throughout the study period not one market
study is reported. Even though they mention poten-
tial markets, such as anti-coking, anti-corrosion,
and ultra-high vacuum, documents lack precise
data on the size of these markets for INERT.

It doesn’t seem like we do market research to come
up with the ideas for new products, I wouldn’t
say that we do a lot of that in marketing here.
Our marketing focus is more in advertisements and
making company publications. There really isn’t a
focus in marketing for trying to find new fields.
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Probably we should do more of that. (Research
Chemist—T1)

(INERT Business Development Manager—T2): In
terms of studying the overall market, it’s something
we don’t do a whole lot of. That’s sort of the beauty
of the process that we use. We didn’t identify these
market areas, they identified themselves to us. Call
it dumb luck, but the companies have actually come
to us, telling us what their needs are, what their
market potential is. (INERT Senior Scientist—T2):
Sometimes it’s just a matter of us saying ‘Oh
maybe we should check that out.’ (INERT Business
Development Manager—T2): Yeah. Like we had
this company come to us and say: ‘We want to
build a diesel engine and we need a coating that
reduces coking.’ It’s like okay, you guys got a
pretty big name so market study done, let’s make it.

CHEMAN lacked the expertise to proactively
investigate and assess potential markets, indicat-
ing a lack of second-order marketing competence.
Instead, they engaged in retroactive sensemaking
(Weick, 1995) of market opportunities, identify-
ing potential customers after interacting with them
(Danneels, 2003):

That’s really how the business ran for many years
before we focused our efforts on specific applica-
tion areas. People sent us parts for coating and if
it worked they sent us more parts. So now we are
trying to play catch-up and see how we can make
impact in the areas that have presented themselves
to us over the years. (INERT Senior Scientist—T2)

Two prominent instances of retrospective sense-
making can be identified in the history of INERT.
The first one occurred when CHEMAN started
by putting the INERT-treated columns (‘metal
columns’) in its catalogue, as an addition and alter-
native to its conventional components, targeting its
current customers.

We felt that we could convince a broad base of
customers to replace their old columns with the
new metal ones. Some customers switched, but not
as many as we expected. And when we looked
at what customers were buying these columns,
they really went into two classes: those who were
using portable instrumentation and those who were
using process-control instrumentation. So we real-
ized that those were the two major market areas for
this. And that’s when we really started marketing
heavily to those two market areas specifically with
that product line. So we offered it to a broad base
and then looked at who accepted it. And then once
we found that out, we went after those markets. I
don’t think we set out saying that people in process

instrumentation or people in portable instrumenta-
tion need a rugged column to do their analysis.
Maybe if we had studied it more we would have
said, ‘Well, what users really want a rugged prod-
uct?’ And we may have come up with the answer
that it’s really the portable and the process-control
instrument people that want that. But it was more
like we offered it as a general replacement to every-
one and just a few people picked up on it. (Director
of New Products—T1)

In other words, CHEMAN defined the target
market for the INERT-treated columns retroac-
tively, as opposed to analyzing and targeting
the distinct needs of the portable and process-
instrumentation market segments proactively.

We figured out that the process and the portable
GCs were our targets after we had already been
selling to them and said, ‘Oh, look at the common
things.’ We knew the advantages of metal versus
fused silica. It’s more rugged, it’s not going to
break, it can stand higher temperatures. But we
didn’t necessarily target new markets, or we didn’t
target the portable and process people specifically.
Now we know who they are and we’ve got most
of them as customers, but it’s almost after the
fact. Who are your best customers, well the people
who bought the stuff, so that’s who we’re going to
market to. (VP of Sales and Marketing—T2)

As a second instance, retrospective sensemaking
occurred as CHEMAN performed custom applica-
tions of INERT.

We had ten years of customers coming in request-
ing custom applications here and there. Just people
saying, ‘Well, does your coating do this?’ And so
you start making note of some of the more pop-
ular requests. And then that spurned investigation
into whether there was market potential for more
than just this one customer who asked us. (INERT
Senior Scientist—T2)

Paradoxically, a marketing competence is
needed for a technology-driven approach, whereas
only a first-order customer competence is needed
for a market-driven approach. As discussed
above, re-linking a technological competence to
new markets requires more than opportunity
recognition. It requires the development of first-
order customer competences which will allow
the company to serve those new markets, and
this, in turn, requires the presence of a second-
order marketing competence. CHEMAN evidently
struggled to build the resources needed to address
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alternative markets, including gaining knowledge
of needs of customers in these markets.

(Me): See here’s the contrast I don’t understand.
There is the realization that there is huge potential
and this was common among everybody that I
interviewed back then. But then that contrasts with
the fact that there weren’t enough resources put
behind it. That’s the paradox that I don’t really
understand. (Product Line Manager—T2): I think
it was just a lack of knowledge of what to do next.
It’s maybe due to a lack of knowledge of those
markets, a lack of knowledge of how do we go out
and investigate that.

The first segment of the last sentence of this
quote refers to the lack of first-order customer
competences to serve alternative markets. The sec-
ond segment of the last sentence refers to the lack
of knowledge on how to build knowledge, in other
words, the lack of a second-order competence.

Therefore, it seems that since CHEMAN had a
strong first-order customer competence it tended
to allocate resources to current customers only. A
strong second-order marketing competence would
have provided the impetus to allocate resources to
unserved markets. Due to a lack of second-order
marketing competence, markets were not clearly
identified, assessed, and prioritized, and therefore
resource allocation lacked focus and resources
were spread too thin.

We were just doing all sorts of different things and
that’s fine. But every idea has its time when it
should mature. It’s like we had a whole garden
with all these seeds and there was no one watering
and taking care of them and they were just coming
up a little bit and dying. It takes a tremendous
amount of follow-up when you’re entering into a
new market, a tremendous amount of energy. If you
focus on a particular area, water and nurture a seed
and it grows to fruition, then you can afford the
resources to start watering and fertilizing another
seed to get it to grow. But our priorities weren’t
clear. (Founder and CEO—T2)

CONCLUSION AND DISCUSSION

The classic work by Penrose (1959) emphasized
that some productive services of resources may
be unused. In particular, a technological com-
petence may provide potential access to various
unserved markets (Danneels, 2002; Prahalad and
Hamel, 1990). The potential offered by leverag-
ing often remains unrealized, as the research site

of the current study poignantly illustrates. This
study has examined the process of technological
competence leveraging to explain these foregone
opportunities. Despite the recognition that firms
need to leverage their resources to extract more
value from them, the mechanisms by which this
happens have not been examined. This study has
contributed to our understanding of the process of
leveraging technological competence across mul-
tiple markets, and why the potential value offered
by leveraging may not be tapped. It has expli-
cated the steps necessary to disembody (termed
‘de-linking’) technological competence from its
current product application and to apply the com-
petence to serve new markets (termed ‘re-linking’).
It was found that the presence of a competence
to serve current customers (a first-order customer
competence) and the lack of a competence to gain
access to new customers (a second-order marketing
competence) both constrain technology leveraging,
and that the processes of resource allocation and
resource transformation are the operative mecha-
nisms through which these competences exert their
influence. Because of its ‘customer competence
trap’ and its ‘marketing competence gap,’ CHE-
MAN failed to allocate sufficient generic resources
to be transformed into specific resources needed
to re-link INERT to new markets. CHEMAN used
the INERT technology to further exploit its com-
petence in serving analytical labs, forming a cus-
tomer competence trap. Their lack of marketing
competence prevented them from overcoming this
trap. Marketing competence would have allowed
the impetus for resource allocation and transfor-
mation to come from inside, rather than be entirely
driven by current customers.

This study has addressed a gap in knowl-
edge about the allocation and transformation of
resources. Technology leveraging involves allo-
cating fungible resources to be transformed into
specific resources, in particular market-related re-
sources. This case study examined the transfor-
mation of generic resources, such as time and
money, into specific resources, such as sales and
distribution channels and knowledge about cus-
tomers. The findings support prior work on allo-
cation of resources, by showing that the resources,
both financial and human, need to be sufficient
(in amount), dedicated (in allocation), and con-
sistent (over time) in order for technology lever-
aging to occur. But beyond this accepted wis-
dom, the findings point to the importance of the
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process subsequent to allocation: transformation.
Resource transformation is the conversion of one
type of resource into another. The allocation of
slack generic resources is a necessary, but not
sufficient condition for technological competence
leveraging. In addition to merely being available,
generic resources also need to be transformed
into specific resources that are complementary to
the technology and essential for its commercial-
ization. This study has shown that this transfor-
mation of generic resources into specific market-
related resources depends on the external impetus
provided by customer competence or the inter-
nal impetus from marketing competence. Techno-
logical competence leveraging does not occur as
an endogenous by-product of experience in serv-
ing current customers (Danneels, 2003); rather it
requires the firm to deliberately devote resources to
competence creation (i.e., exploration). In the firm
studied here, this allocation of resources to build
new competences was inhibited by the presence of
a first-order customer competence (i.e., the compe-
tence to serve current customers) and the lack of a
second-order marketing competence (i.e., market-
ing competence gap). The current customer com-
petence had a strong impetus in the allocation and
transformation of resources, driving CHEMAN to
focus its application of INERT to its served market.
As the technology was de-linked from CHEMAN’s
core market, it became detached from the exter-
nal impetus from current customers, and CHE-
MAN lacked the second-order marketing compe-
tence necessary to generate internal impetus. The
creation of new competence requires a deliberate
managerial decision to divert resources away from
the production of output to the production of com-
petence (Dorroh, Gulledge, and Womer, 1994).
Full exploitation of current resources requires de-
linking of those resources from the product in
which they are embedded, a process that removes
the impetus from current customers. This study
has provided a contribution to the work in the
resource-based theory tradition, which has hereto-
fore assumed that the actions necessary to exploit
resources are self-evident (Barney and Arikan,
2001; Sirmon, Hitt, and Ireland, 2007).

This study has also addressed a gap in knowl-
edge about the generation of value from resources.
Priem and Butler (2001b) noted that the extrac-
tion of value from resources is treated as if out-
side the purview of resource-based work, which
has been mute on value creation. Barney (2001)

concurred, and argued that resource-based the-
ory needs to be augmented by theories of the
entrepreneurial process to better understand value
creation. The findings of the current study supple-
ment the traditional focus on the cognitive process
of entrepreneurial discovery with an appreciation
of the role of resource-related processes, in particu-
lar allocating and transforming resources. Opportu-
nities are ‘problematic’ (Shane, 2000) in that both
their recognition and pursuit are a function of these
processes. Opportunity recognition does not itself
lead to the realization of those opportunities and
creation of wealth. While the firm studied here
recognized a plethora of market applications for
its technology, it failed to manage these resource
processes in order to pursue these opportunities.

Finally, this article sheds light on the intellectual
property route to technology leveraging. Licensing
the technology to another firm is an alternative
way to commercialize technological innovation,
and ‘has become a well-established commercial-
ization strategy which is used to fully exploit a
company’s technology assets’ (Kollmer and Dowl-
ing, 2004: 1148). Licensing is a way to contractu-
ally combine resources across the boundaries of
firms, where the licensor provides the technol-
ogy and the licensee provides the complementary
assets such as sales and distribution channels (Hill,
1992). Licensing has been referred to as ‘a contrac-
tual technology transfer mechanism’ (Kollmer and
Dowling, 2004: 1141), but it involves much more
than technology transfer. Regardless of the route
to commercialization, via internal product develop-
ment or intellectual property, firms need a second-
order marketing competence. To address and serve
new market applications firms use complemen-
tary market-related resources, and a second-order
marketing competence is needed to build them.
To extract value from licensing their technology
to third parties, they need to understand cus-
tomer needs to target applications, identify, assess,
and select licensees, and negotiate licensing con-
tracts. An important consideration is whether to
license pre- or post-linking; i.e., whether to license
before or after a technology becomes linked to
specific market applications. To judge the commer-
cial value of the technology, either the licensor or
licensee need to link the licensed technology to
one or several market applications. To the extent
that the degree and types of technology–market
linkages made by licensor and licensee differ, an
information asymmetry may arise.
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In sum, this article studied the process by which
fungible technologies are leveraged beyond their
initial application market to gain an understand-
ing of why this source of value may be foregone.
A longitudinal field study showed that the pres-
ence of a competence to serve current customers
and a lack of a marketing competence to search
for new ones inhibits the leveraging of technolog-
ical competence, and that these competences exert
their influence through the processes of resource
allocation and transformation. Understanding the
process by which firms may or may not extract
the most value out of their resources and compe-
tences promises to be of great importance to both
scholars and practitioners.
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