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Introduction

The main goal of this paper is to investigate whether the accumulation of intellectual
property by technology firms has a significant impact on their business performance.
Additionally, the paper seeks to identify whether the strategic orientation of a technology
firm—specifically, the intensity of its engagement in either research and development or
Copyright © 2013 Inderscience Enterprises Ltd.
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the production of goods or services—makes any difference to the level and character of
the impact of intellectual property on its business performance.
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Context: The Strategic Management of Intellectual Property

While intellectual property may once have been perceived as the peculiar preserve of
eccentric lawyers, as a diversion for obsessive boffins, or as a “necessary evil” (to be
shunted off in to the backrooms of corporate legal departments), it has become part of the
mainstream of contemporary business. Intellectual property is now widely recognized as
being strategically important for companies across a wide variety of industries, ranging
from research-intensive high technology enterprises to multi-national media and
publishing groups, not to mention firms engaged in “primary” industries such as farming,
mineral exploration or mining. Accordingly, a sizable body of scholarly research has
appeared during the last decade concerned with the practical role of intellectual property
in business. Examples include: Blind, et al. (2009); Cohen, et al. (2002); Elmslie and
Portman (2006); Fitzpatrick and DeLullo (2005); Lehman (1996); Lichtenthaler (2009);
Parchomovsky and Wagner (2005); Peeters and van Pottelsberghe de la Potterie (2006);
Pisano and Teece (2007); Rherrad and Gallaud (2009); Rose, et al. (2007); Roy (2013);
Solitander and Solitander (2010); Walden (2005); Willoughby (2013).
Recently, the strategic management of intellectual property has become visible in
mainstream research in the academic field of strategic management, where it is typically
portrayed as a source of competitive advantage for firms or as a “resource” to be
managed strategically along with conventional business resources [see, e.g.: Arora and
Nandkumar (2012); Hsu and Zeidonis (2013); Lichtenthaler and Ernst (2012); Mulotte, et
al. (2013); Pacheco-de-Almeida and Zemsky (2012); Valentini (2012)]. The
contemporary strategy literature addresses multiple types of intellectual property—
patents, copyright, trade secrets, licenses, etc.—and not just patents. Increasingly [e.g.,
Hsu and Zeidonis (2013)], attention is being placed, not only on the role of intellectual
property within the repertoire of activities and functions of the firm, but also on the
impact of intellectual property on the performance of the firm, broadly understood. As
part of this trend it may be said that the academic study of intellectual property
management has shifted during the last decade from being perceived by management
scholars as little more than a peripheral and heterodox pursuit to finding a place within
the academy’s outer chambers of orthodoxy.
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Intellectual Property, Innovation and Business Success

A substantial focus of attention in the literature on the strategic management of
intellectual property lies with the relationship between intellectual property (“IP”) and
innovation, particularly technological innovation [see, e.g.: Blind, et al. (2006); Cincera
(1997); Cohen, et al. (2000); Graham, et al. (2009); Greenhalgh, et al. (1996); Hsu and
Ziedonis (2013); Lynskey (2009)]. A line of inquiry within that literature views
intellectual property as a plausible determinant of the business performance of firms. In
some cases, however, there is little differentiation in the minds of researchers and
commentators between the concepts of “business performance” and “innovation,” as
such, with intellectual property often being treated as an indicator of innovative
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performance by firms, rather than as a determinant of the innovative performance of
firms. Nevertheless, “business performance” and “innovation” are discrete concepts; and
the literature concerned with the financial dimensions of the performance of innovative
IP-intensive firms now appears, on the whole, to have embraced, at least tacitly, the
conceptual distinctions between innovation potency, IP potency and business potency.
Some of that literature approaches financial performance from the vantage point of
the firm’s ability to attract capital or increase the value of its capital stock through the
strength of its intellectual property [see, e.g.: Bosworth and Rogers (2001); Bessler and
Bittelmeyer (2008); Cockburn and Griliches (1988); Hsu and Ziedonis (2013); Mann and
Sager (2007); Willoughby (2008)] and the general conclusion of that literature is that, in
the main, intellectual property makes a positive difference to a firm’s ability to attract
outside investment. While the literature has not yet reached consensus on the question of
whether the capital-raising benefits of intellectual property accrue to small
entrepreneurial firms as much as they do to large mature firms [see, e.g., Bessen (2008);
Willoughby (2008)], the general conclusion of the literature is that there is a positive
relationship between a firm’s intellectual repertoire—especially its patent portfolio—and
its ability to raise capital, regardless of the size of the firm. The following quote from
Mann and Sager (2007, p. 206), based on their own empirical research on the place of
intellectual property in venture capital financing for software firms, represents the signal
theme in the literature:
… there are strongly significant correlations between variables of patenting …
and various proxies for strong performance: rounds of financing, total
investment, exit status, reaching a late stage of financing, and longevity. In our
view, these variables collectively include most of the characteristics that would
count as “success” for a venture-backed firm: typically an entrepreneurial
startup struggling to survive long enough to bring its product to market.

While success in raising capital as a consequence of a firm’s intellectual property
position may certainly be considered as one expression of business success, the focus of
attention of the research reported in this paper is on the “output” side of financial
performance rather than the “input” side. In other words, we are interested here in the
difference that intellectual property makes to the relative performance of firms in
generating financial returns through the sale or rent of products, services or assets, rather
than in the difference that it makes to their success in attracting financial investment.
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Intellectual Property and the Financial Performance of Firms

A number of published studies, covering a broad variety of geographical settings and
industries, have addressed this topic in recent years. The majority of those studies appear
to have identified a positive relationship between a firm’s investment in intellectual
property and its business performance, and its financial performance in particular.
Representative examples include: Anuar, et al. (2012), wide variety of manufacturing
industries in Malaysia; Bollen, et al. (2005), pharmaceuticals industry in Germany;
Bosworth and Rogers (2001), wide variety of large, publicly traded firms in Australia;
Cohen and Kaimenakis (2007), service-sector firms in Greece; Graham and Sichelman
(2008), literature survey and wide variety of technology start-up firms in the United
States; Greenhalgh and Longland (2005), Greenhalgh and Rogers (2006 & 2007), wide
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variety of manufacturing firms in the United Kingdom; Hanel (2008), manufacturing
firms from many industries in Canada; Hsu and Ziedonis (2013), semiconductor firms in
the United States; Juma and McGee (2006), technology firms from eleven different
industries in the United States; Lichtenthaler (2009), European-wide study, many
industries; Namvar, et al. (2010), electronics and computing firms in Iran; Pandit,, et al.
(2011), multi-national study, broad variety of technology-intensive industries and sectors;
Roy (2013), information technology firms in India; and, Suh and Hwang (2010),
computer software firms in South Korea.
The above studies, when taken together as a set, reveal that the exact character of the
relationship between intellectual property and business performance varies considerably
between geographical contexts, industries and environmental conditions. Some studies
[e.g., Suh and Hwang (2010), Greenhalgh and Rogers (2007) or Rherrad and Gallaud
(2009)] have stressed that the relationship also varies according to which type of
intellectual property right is covered in the analysis. Suh and Hwang (2010), for example,
have argued that copyright is more important than patents for software firms, whereas
patents are more important than copyright for manufacturing firms. Greenhalgh and
Rogers (2006), furthermore, have observed that, in the case of patents held by
manufacturing firms, the array of countries from which patents are issued appears to have
a stronger influence on the relationship between patenting and business performance than
does the simple fact of patenting. European patents issued to UK firms, for example,
appear to have a statistically significant positive relationship with improved business
performance by UK firms; whereas UK patents issued to UK firms appear, in general, to
have no significant impact on the business performance of UK firms [Greenhalgh and
Rogers (2006)].
However, despite the general consensus among researchers that we have just
summarized, the story from the literature is not so simple or uniform. Martin and
Mykytyn (2009) have found no observable impact on the business performance of firms
of patenting computer-implemented business methods. From their study of 96 US firms
(48 of which did own patents and 48 equivalent firms which did not own patents) they
concluded the following:
The overall results revealed that our sample of patenting firms did not perform
significantly differently from their nearest competitors or their relative
industries in five profit or three cost measures.

Mahlich (2010), furthermore, in his study of the pharmaceutical industry in Japan, has
concluded that patenting is negatively related to the business performance of
pharmaceutical firms. His measure of relative business performance in that study was
profitability. A similar conclusion was reached by Artz, et al. (2010) in their study of a
sample of 272 firms in the United States in 35 industries over 19 years. They discovered
a negative relationship between the level of patenting and both return-on-assets and sales
growth for the firms. Thus, while the preponderance of pertinent studies published in the
literature point to a positive relationship between the size of the intellectual property
portfolio of firms and their financial performance, the relationship is not straightforward;
and there are some studies published in the literature that have found the opposite to be
the case (i.e., they point to a negative relationship between the size of the intellectual
property portfolio of firms and their financial performance). Further research on the core
question of this paper is therefore warranted.

What impact does IP have on the business performance of technology firms?
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Hypotheses for Empirical Research

The first hypothesis that flows from the literature just surveyed is therefore as follows:
Hypothesis 1:

The accumulation of intellectual property by technology firms has a
positive impact on their financial performance.

Hypothesis 1, in other words, is designed to test whether there is a positive relationship
between the relative levels of intellectual property held by firms and their relative
financial performance.
Much of the literature concerned with the relationship between intellectual property
and business performance is focused on R&D-intensive firms, or R&D-intensive
industries, and there appears to be a general presumption that obtaining and managing
intellectual property is most relevant to firms that engage heavily in research and
development [see, e.g., Bosworth and Rogers (2001); Cincera (1997); Cockburn and
Griliches (1988); Greenhalgh and Rogers (2006); Griliches (1981)]. This raises the
question of whether or not the potential business benefits of building a strong intellectual
property profile might be enjoyed more readily by firms that are relatively strong in
research and development. A number of studies have provided evidence that this might
be so. Examples include: Blind, et al. (2006); Bosworth and Rogers (2001); Cockburn, et
al. (2010); Lichtenthaler (2009); Rherrad and Gallaud, (2009); Pandit, et al. (2011); and,
Suh and Hwang (2010).
However, there is also some evidence in the literature that the financial benefits to
firms of investing in intellectual property accrue more readily to those that engage
heavily in manufacturing, or production, activities [Cohen, et al. (2000); Greenhalgh,
Mavrotas and Wilson (1996); Greenhalgh and Rogers (2006)]. Thus, we have contrasting,
although not necessarily contradictory, messages emerging from the literature about
whether or not R&D-intensive firms or production-intensive firms are best positioned to
take advantage of strong intellectual property portfolios. Notwithstanding the fact that the
dominant presumption in the literature appears to be that intellectual property is more
useful to R&D-intensive firms than it is to other types of firms, it would be prudent to
investigate this matter in more detail.
Thus, two more hypotheses are suggested by the literature:
Hypothesis 2:

Insofar as the accumulation of intellectual property by technology firms
has a positive impact on their financial performance, the degree of this
positive impact will be positively related to the degree to which the
firms concentrate their efforts on research and development activities.

Hypothesis 3:

Insofar as the accumulation of intellectual property by technology firms
has a positive impact on their financial performance, the degree of this
positive impact will be positively related to the degree to which the
firms concentrate their efforts on the commercial production of goods
or services.

Hypotheses 2 and 3 are complementary and are designed, together, to test the relative
importance of R&D-intensity and production-intensity as factors moderating the
relationship between intellectual property and the financial performance of firms. In
simultaneously proposing these two hypotheses, we are assuming that it is not impossible
for a firm to be R&D-intensive and production-intensive at the same time. We will
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elaborate on this assumption below, during our discussion of the empirical results of this
study. In effect, we are presuming that production-intensity and R&D-intensity should be
treated as discrete and orthogonal variables, rather than as different phases along the
spectrum of a single variable with “pure R&D” at one end and “pure production” at the
other end.
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Data Source for the Empirical Research

All of the data utilized for the analyses reported in this paper came from an original
empirical study, conducted by the present author, of technology firms in the biosciencetechnology industries in the United States. The bioscience-technology industries—
sometimes also referred to as the “life sciences,” “bioscience” or “bio” industries—
consist of biotechnology firms, medical devices firms, pharmaceuticals firms, and firms
in various other fields of technology related to the life sciences, such as bio-processing or
bio-materials. This group of firms may be labeled collectively as the “biosciencetechnology” sector.
The data were generated by administering a detailed structured questionnaire survey
to the CEOs of a sample of 184 bioscience-technology firms in the United States during
1997 and 1998. The work involved three phases: (i) sending introductory letters to the
CEO of each firm to introduce the study and its purposes; (ii) completing the first half of
the questionnaire through a structured telephone interview with the CEO (or CEOequivalent) of each firm; and, (iii) completing the balance of the questionnaire by
obtaining completed responses by fax or mail to a set of printed interview sheets. Data
were provided by each of the firms under a promise of confidentiality. Each of the 184
firms included in the sample for this project were bona fide technology companies in
which technology formed a major and integral part of their business.1
The basic morphology of the firms in the study sample is as follows. The average size
of the firms was 146 employees, although about 60% of the firms employed no more than
25 people, and only about 11% employed 300 or more people. The average age of firms
in the sample was just over sixteen years; although at the time of the data collection 47%
of the firms had been in existence for no longer than ten years and a full 24% had been in
existence for no longer than five years. Eighteen percent were over 25 years old. Over
65% of the firms in the sample were either small (no larger than 25 people) or young (no
older than 5 years). Almost one fifth of firms in the sample (17.5%) were classic “startup” firms (no larger than 25 people and no older than 5 years). Despite the fact that the
majority of the firms in the sample were relatively small, young and entrepreneurial, the
average annual revenue per firm in the data set was over US$35 million.
The vast majority of firms in the sample (79%) were privately held (i.e., their stocks
were not publicly traded), and 85% were freestanding, independent firms (i.e., they were
not a subsidiary of some other company). It may therefore be inferred that the majority of
firms were organizationally free to make strategic decisions. The single largest industry
focus of the firms in the data set was medical devices technology (52% of the sample),
with 39% focused on biotechnology, 25% on pharmaceuticals, and 17% on bio-systems.

1

Note: The data set upon which this study is based was also the basis for another study published
by the current author [see Willoughby (2013)].
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The four industry categories are not discrete, which means that a firm may have been
simultaneously active in more than one industry category. In fact, almost one third of the
184 firms in the study sample were simultaneously active in more than one industry.
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Variables and Models Included in the Analysis

In addition to basic information about their technological, organizational and business
profiles, each firm included in the study was asked to provide confidential information
about the number of intellectual property items of various types that it owned, including:
patents, formal trade secrets, trademarks, copyright protected items (mostly computer
software applications), and licenses to technology owned by external parties. Information
was also collected about total world-wide full-time-equivalent employment of people in
each firm, together with estimates of the functional distribution of employment across the
categories of: management and marketing, research and development, production, and
other. Additionally, an array of financial data was collected for each firm, including
annual revenue growth rates. These data were used to generate the numbers for the
variables summarized in Table 1.
Table 1

Description of Variables

Variable

Label

Definition / Description of Variable

Total IP items

TIP

Total number of Intellectual Property items held by the firm.
TIP = PT + TS + TM + CR + LI

Patents

PT

Total number of patents possessed by the firm

Trade secrets

TS

Total number of formal trade secrets possessed by the firm

Trademarks

TM

Total number of trademarks owned and used by the firm

Copyright-protected
items

CR

Total number of works owned by the firm (mostly computer
software applications) that are protected by copyright

Licenses

LI

Total number of licenses held by the firm over technology
owned by external parties

R&D intensity

RDI

Percentage of total annual work time (full-time-equivalent
employment) in the firm devoted to research and development

Production intensity

PRI

Percentage of total annual work time (full-time-equivalent
employment) in the firm devoted to production activities

Financial
Performance
Index

FPI

Financial Performance Index = Logarithm of REVIND
(weighted index of annual rate of revenue growth)

REVIND

REVIND = ANNREV (INDEMP / MEANEMP)

ANNREV

Annual rate of revenue growth of the individual firm

INDEMP

Worldwide full-time-equivalent employment levels of the individual firm

MEANEMP

Mean worldwide full-time-equivalent employment levels for the study sample
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The construct used in this study as a measure of the business performance of
individual firms is the Financial Performance Index (labeled “FPI”), which is a logarithm
of a weighted revenue-growth index. The weighted revenue-growth index is based on the
annual rate of revenue-growth of firms, adjusted to compensate for the fact that
entrepreneurial start-ups tend to have extraordinarily high rates of revenue-growth until
they mature. The exact formula for the Financial Performance Index is provided Table 1.
The Financial Performance Index measure employed in this study was originally used
successfully by Willoughby (2004) in his study of innovation strategies of high
technology firms. The Financial Performance Index (FPI) has a number of distinct
advantages over conventional financial performance measures, such as profitability,
market value, or share-price trends. One advantage stems from the fact that the vast
majority of bioscience-technology firms are privately held (i.e., not traded on the public
markets) and hence that data on their traded share prices simply do not exist—by
definition. Similarly, in most cases, data on profitability is almost impossible to assemble
because (by definition) such data for privately owned firms is usually not publicly
available, and because privately held firms generally do not wish to reveal how profitable
or unprofitable they are.
Table 2

Description of Formal Models

Model

General Form of the Model

Model 1

FPI = b0 + b1TIP + error

Model 2

FPI = b0 + b1PT + error

Model 3

FPI = b0 + b1TS + error

Model 4

FPI = b0 + b1TM + error

Model 5

FPI = b0 + b1PT + b2TS + b3TM + error

Model 6

FPI = b0 + b1PT + b2TS + b3TM + b4CR + b5LI + error

Dependent Variable

FPI

Most of the managers interviewed as part of the data collection process in this study
were willing to share information on the annual rate of revenue growth of their firm,
under a promise of confidentiality, even if they were not willing to share data on
profitability. Thus, a financial performance measure based on the collection of revenuegrowth data was much more feasible from the point of view of data collection than were
other, perhaps more popular measures, such as market value or profitability.
Data on market value or profitability are generally only available for publicly traded
firms (which in this study accounted for only about 20% of the firms in the study
sample). Apart from these practical considerations, we need to bear in mind that the
nature of the bio-science technology industries is such that “profitability” is arguably a
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poor measure of comparative performance due to the fact that even the best firms may
take many years before their bottom line moves in to the black. The bottom lines of the
“best” high technology firms are often deliberately kept in the red for many years after
their foundation as part of the long-term development strategy of the entrepreneurs and
investors who lead these firms. Hence, the Financial Performance Index employed in this
study as a measure of the business performance of each firm is advantageous because of
its robustness and rational applicability in the context of high technology industry, but
also because of the natural feasibility and reliability of the data collection process: the
pertinent data may be obtained relatively easily for all firms, no matter the stage of their
development or whether or not their stocks are traded on the public markets.
Table 2 describes the formulae, containing the variables defined in Table 1, that were
included in the models incorporated in the statistic calculations summarized below.
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Basic Results of the Statistical Analysis

Table 3 consists of a correlation matrix that was produced for all of the variables.
There do not appear to be any problems with multicollinearity.2 The correlation
coefficients show that there is a relatively strong relationship between the financial
performance of the firms in the study sample and the degree to which the firms include
three particular types of intellectual property in their portfolios: patents, trade secrets and
trademarks.
Table 3

Correlation Matrix of Variables
Financial
Performance
Index

Patents

Tradesecrets

Trademarks

Copyrightprotected
items

Licenses

R&D
intensity

Financial
Performance Index

1.0000

Patents

0.4466

1.0000

Trade-secrets

0.5372

0.4980

1.0000

Trademarks

0.4243

0.5037

0.4049

1.0000

Copyright-protected
items

0.0115

0.0254

0.0322

0.1288

1.0000

Licenses

0.0670

0.0957

0.0857

0.1468

0.3319

1.0000

-0.0696

-0.0970

-0.0345

-0.2512

-0.0669

-0.0664

1.0000

0.0917

0.0201

0.0908

0.2447

0.0537

0.0721

-0.6085

R&D intensity
Production intensity

Production
intensity

1.0000

Note: The correlation coefficients in Table 3 were calculated using the Restricted Maximum Likelihood (REML) method.

Interestingly, neither the number of copyright-protected works owned by a firm (mostly
copyright-protected computer software applications) nor the number of licenses to
technology from external parties appear to have much bearing on financial performance.
Likewise, the correlation coefficients reveal that variations in the degree to which firms
emphasize research and development in their business, or the extent to which they are
2

According to Tabachnick and Fidell (1989, p. 87) multicollinearity is a problem when
the predictors have correlation coefficients of 0.90 or greater.
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committed to production-intensive activities, appear to play no role in determining the
relative financial performance of the firms. Presumably, this means that simplistic
strategies for technology firms such as “increasing investment in R&D” or “moving
quickly to establish manufacturing operations” do not generally appear—at least by
themselves—to produce superior business results. A core insight that may be drawn from
the results in Table 3 is that, at least for the high technology industries represented in our
data set, intellectual property appears to play a strategically potent role within the
business of technology firms.
The correlation matrix in Table 3 also reveals that there is a relatively high correlation
between the firms’ reliance upon each of their three dominant types of intellectual
property, namely, patents, trademarks and trade secrets. In other words, these three types
of intellectual property not only feature prominently as drivers of firm performance but
they tend to be employed concurrently. There is a correlation of approximately 0.5
between both the levels of patents and trademarks, on one hand, and the levels of patents
and trade secrets, on the other hand, employed by the firms; and there is a correlation of
approximately 0.4 between the levels of trademarks and trade secrets employed by the
firms. In other words, it appears that the firms tend to rely heavily upon three
(presumably complementary) types of intellectual property, rather than just one, such as
patents. They emphasize a three-dimensional intellectual property portfolio approach
rather than a one-dimensional approach to protecting their intellectual and technological
assets.
The most important observation that may be gleaned from Table 3, in summary, is
that variations in the financial performance of the firms appear to be related to variations
in the degree to which they invest in intellectual property. This relationship will now be
investigated in more detail.
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The Relative Impact of Different Types of Intellectual Property

Table 4 displays the statistical results of the analysis of six different models of the
relationship between the level of investment in intellectual property by firms and their
business performance or, more particularly, their financial performance. The financial
performance variable employed in all six models in the table is the Financial Performance
Index (a weighted index of the annual rate of revenue growth) as defined in Table 1.
The results for Model 1 in Table 4 show that there is a statistically significant
relationship between the financial performance of firms and the total number of
intellectual property items that they possess, including patents, trade secrets, trademarks,
copyright-protected works, and licenses to externally sourced technology, combined.
Thus, Table 4 reveals that the basic conclusion that was gleaned from the results in Table
3 is statistically valid: there is a very low probability that the overall positive relationship
between firms’ strong IP portfolios and their strong financial performance may be
explained by chance.
Model 6 in Table 4 isolates the contributions of each of the five different intellectual
property variables in the data set, rather than aggregating them together as was done in
Model 1. The results for Model 6 show that while the overall relationship between high
levels of intellectual property and strong financial performance is clearly observable
(with a probability of less than 0.005 that the relationship may be explained by chance),
the effect of each individual variable is not well captured in that model. As foreshadowed
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by the correlation coefficients in Table 3, no significant contribution may be observed
from the results in Table 4 by either copyright or in-licensing of technology to the
financial performance of firms. The results for Model 5 show that when copyrightprotected items and licenses are excluded from the calculations, the statistical
significance of the overall relationship is markedly strengthened: when only patents, trade
Table 4

Intellectual Property and Financial Performance: All Firms

Variables
Coefficient of multiple
determination (R2)
Population squared R,
unbiased estimate (Adj. R2)
Root mean square error
Mean of response
Observations

Model 1

Model 2

Model 3

Model 4

Model 5

Model 6

0.07

0.12

0.13

0.16

0.20

0.20

0.06

0.11

0.12

0.14

0.17

0.15

1.92
1.85
79

1.86
1.85
79

1.86
1.85
79

1.83
1.85
79

1.80
1.85
79

1.82
1.85
79

1
77
20.46
283.90
20.46
3.69
5.55
0.0210*

1
77
37.12
267.24
37.12
3.47
10.70
0.0016*

1
77
38.46
265.90
38.46
3.45
11.14
0.0013*

1
77
47.36
257.00
47.36
3.34
14.19
0.0003*

3
75
61.22
243.14
20.41
3.24
6.29
0.0007*

5
73
61.84
242.52
12.37
3.32
3.72
0.0047*

1.51,
5.84
<0.0001*
0.006,
2.36
0.0210*

1.53,
6.63
<0.0001*

1.42,
5.82
<0.0001*

1.40,
5.86
<0.0001*

1.25,
5.06
<0.0001*

1.27,
4.95
<0.0001*

0.08,
3.77
0.0003*

0.009,
0.97
0.3362
0.013,
1.44
0.1542
0.051,
1.82
0.0735

0.008,
0.95
0.3476
0.013,
1.43
0.1566
0.052,
1.82
0.0735
-0.002,
-0.41
0.6837
-0.000,
-0.00
0.9997

Analysis of Variance
Degrees of freedom (model)
Degrees of freedom (error)
Sum of squares (model)
Sum of squares (error)
Mean square (model)
Mean square (error)
F Ratio
Prob > F
Parameter Estimates
Intercept
Total IP items
Patents
Trade secrets

0.02,
3.27
0.0016*
0.02,
3.34
0.0013*

Trademarks
Copyright-protected items
Licenses

Key to Parameter Estimates: Coefficient of Correlation, t Ratio, Prob >| t |

(*P <0.05 = significance level)

Dependent variable for all models = Financial Performance Index

secrets and trademarks are included in the model the probability that the overall positive
relationship between high levels of intellectual property and strong financial performance
may be explained by chance is reduced to 0.0007. Clearly, the important IP-related
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contributions to financial performance arise predominantly from the firms’ investments in
patents, trade secrets and trademarks, rather than from the other types of intellectual
property.
Models 2, 3 and 4 in Table 4 are designed to examine the individual contributions to
the financial performance of the firms of their investment in patents, trade secrets and
trademarks, respectively. The main conclusion to be drawn from the results is that there is
a statistically significant relationship for each of the three types of intellectual property in
their own right. The probability that the positive relationship between the level of a
particular type of intellectual property in the firm and the financial performance of the
firm may be explained by chance is 0.0016 in the case of patents, 0.0013 in the case of
trade secrets, and 0.0003 in the case of trademarks. In short, there is almost no chance at
all that the relationship between a strong portfolio of patents, trade secrets and trademarks
and strong financial performance is coincidental. Additionally, while it is evident that
firms that invest in patents generally also invest in both trade secrets and trademarks, it
appears that investment in each of these types of intellectual property contributes
individually, in its own right, to the positive financial performance of the firms.

10 The Moderating Role of Research and Development Activities
We know from the results summarized in Table 3 that simply engaging more heavily in
research and development activities does not, in itself, typically lead to an improvement
in the financial performance of the firms. Nevertheless, it will be instructive to explore
how investment in research and development might affect, or moderate, the relationship
between a technology firm’s investment in its intellectual property portfolio and its
financial performance.
To explore this topic, Models 1, 2, 3, 4 and 5 were tested for two different groups of
firms in the data set: one group designated as having “low R&D intensity” and the other
designated as having “high R&D intensity.” An estimate of the percentage of total work
time devoted to R&D by all employees combined, over a period of one year, was
obtained for each firm. In other words, the proportion of annual full-time-equivalent
employment devoted to R&D functions was identified for each firm in the sample. The
mean figure for all firms in the sample was then calculated and each firm was classified
according to whether its proportion was higher or lower than the average. If the
percentage of a firm’s total annual work-time devoted to R&D was less than average it
was classified as exhibiting “low R&D intensity” and, conversely, if the percentage of a
firm’s total annual work-time devoted to R&D was greater than average it was classified
as exhibiting “high R&D intensity.” Separate regression calculations were then carried
out for each of the two groups of firms for each of the five models. The results of this
exercise are summarized in Table 5.
The results obtained for Model 1 in Table 5 show that the degree to which firms
devote time to research and development activities does indeed make a difference to the
overall impact on their financial performance of their investment in intellectual property.
For the R&D-intensive firms there is a strong, statistically significant, relationship
between the total number of intellectual property items they possess and their financial
performance. The probability that this relationship may be explained by chance is less
than 0.006; whereas, for the firms with lower than average R&D intensity, there is no
statistically significant relationship between investment in intellectual property and
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financial performance. The results obtained for Model 5 in Table 5—in which patents,
trade secrets and trademarks are specified separately in the model—lead to the same
overall conclusion: there is a positive and statistically significant relationship between
overall investment in intellectual property and the financial performance of the R&Dintensive firms; but such a relationship cannot generally be observed for firms with lower
than average intensity of R&D activities.
Table 5

Intellectual Property and Financial Performance: Low vs. High R&D Intensity

Low R&D
Intensity

High R&D
Intensity

Low R&D
Intensity

High R&D
Intensity

Low R&D
Intensity

High R&D
Intensity

Model 5

High R&D
Intensity

Model 4

Low R&D
Intensity

Model 3

High R&D
Intensity

Model 2

Low R&D
Intensity

Model 1

0.02

0.24

0.08

0.25

0.11

0.19

0.07

0.35

0.13

0.40

-0.004

0.21

0.06

0.22

0.09

0.16

0.05

0.33

0.07

0.33

RMS error

1.93

1.78

1.87

1.77

1.84

1.84

1.88

1.64

1.86

1.64

Mean

2.11

1.42

2.11

1.42

2.11

1.42

2.11

1.42

2.11

1.42

49

30

49

30

49

30

49

30

49

30

Variables

R2
2

Adj. R

N
Analysis of
Variance
DF (model)

1

1

1

1

1

1

1

1

3

3

DF (error)
SS (model)

47
3.10

28
28.19

47
14.68

28
29.33

47
19.48

28
22.33

47
12.44

28
41.20

45
22.95

26
46.97

SS (error)

175.58

88.54

164.00

87.40

159.20

94.40

166.24

75.54

155.73

69.76

MS (model)

3.10

28.19

14.68

29.33

19.48

22.33

12.44

41.20

7.65

15.66

MS (error)

3.74

3.16

3.49

3.12

3.39

3.37

3.54

2.70

3.46

2.68

F Ratio

0.83

8.92

4.21

9.40

5.75

6.62

3.52

15.27

2.21

5.84

Prob > F

0.3672

0.0058*

0.0458*

0.0048*

0.0205*

0.0156*

0.0670

0.0005*

0.1000

0.0035*

Intercept

1.95,
5.89
<0.0001*

0.76,
1.95
0.0618

1.87,
6.41
<0.0001*

0.90,
2.46
0.0201*

1.73,
5.65
<0.0001*

0.87,
2.21
0.0358*

1.77,
5.45
<0.0001*

0.91,
2.80
0.0091*

1.66,
5.04
<0.0001*

0.68,
1.88
0.0707

Total IP
items

0.003,
0.91
0.3672

0.012,
2.99
0.0058*
0.02,
2.05
0.0458*

0.04,
3.07
0.0048*

0.008,
0.73
0.4693

0.012,
0.66
0.5121

0.017,
1.23
0.2251

0.012,
1.08
0.2902

0.014,
0.40
0.6901

0.103,
2.07
0.0484*

Parameter
Estimates

Patents

Trade
secrets

0.025,
2.40
0.0205*

Trademarks

0.028,
2.57
0.0156*
0.053,
1.88
0.0670

0.145,
3.91
0.0005*

Key to Parameter Estimates: Coefficient of Correlation, t Ratio, Prob >| t | (*P <0.05 = significance level)
Dependent variable for all models = Financial Performance Index
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The results for Model 5 interestingly also show that the use of trademarks, rather than
patents or trade secrets, is dispositive for the relative impact of intellectual property on
the performance of high R&D-intensity firms versus low R&D-intensity firms. This is
demonstrated even more starkly by the results of Model 4. In Model 4 it is revealed that
there is a probability of 0.0005 that the impact of investment in trademarks on the
financial performance of the R&D-intensive firms is merely a coincidence; while, in
contrast, it is revealed that there is no statistically significant relationship between
investment in trademarks and the financial performance of those firms with below
average levels of activity in research and development.
The results in Table 5 for Model 2 and Model 3 show that—in contrast with the
situation we just observed with regards to trademarks—the positive impact of investment
in intellectual property on the financial performance of firms may be observed for both
patents and trade secrets, in the cases of both low R&D-intensity firms and high R&Dintensity firms. In other words, financial advantages will generally accrue to firms from
investing in patents and trade secrets regardless of those firms’ relative levels of
concentration on research and development activities. As shown in Model 2, the
statistical significance of the relationship between investment in patents and positive
financial performance is stronger for R&D-intensive firms than it is for those firms
exhibiting below-average R&D intensity. Nevertheless, the fact remains that, as a general
rule, the technology firms in this study sample benefit financially from investment in
patents regardless of what proportion of their activities are devoted to research and
development.
In summary, the results summarized in Table 5 show that, overall, the more that a
firm concentrates its activities on research and development the more likely it is to
benefit financially from investment in intellectual property. Trademarks appear to be
especially important for this relationship. Nevertheless, while, in the cases of patents and
trade secrets, the statistical significance of the IP-performance relationship appears to be
strongest for R&D-intensive firms, it is also apparent that the firms benefit from
investment in both patents and trade secrets regardless of the proportion of their total
activity devoted to research and development.

11 The Moderating Role of Production Activities
Having investigated the moderating influence of research and development on the
relationship between investment in intellectual property by firms and their relative
financial performance it may also be instructive to investigate the moderating role of the
firms’ engagement in “downstream” production activities. In other words, it will be
appropriate to explore the degree to which the production intensity of a firm’s activities
affects the relationship between investment in intellectual property and financial
performance. Do firms benefit more, or benefit less, from investment in intellectual
property as they engage more heavily in the commercial production of goods or services?
To explore this topic, models 1, 2, 3, 4 and 5 were tested for two different groups of
firms in the data set: one group designated as having “low production intensity” and the
other designated as having “high production intensity.” An estimate of the percentage of
total work time devoted to the production of goods or services by all employees
combined, over a period of one year, was obtained for each firm. In other words, the
proportion of annual full-time-equivalent employment devoted to production functions
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was identified for each firm in the data set. The mean figure for all firms in the data set
was then calculated and each firm was classified according to whether its proportion was
higher or lower than average. If the percentage of a firm’s total annual work-time devoted
Table 6

Intellectual Property and Financial Performance: Low vs. High Production Intensity

Low production
Intensity

High production
Intensity

Low Production
Intensity

High Production
Intensity

Low production
Intensity

High production
Intensity

Model 5

High Production
Intensity

Model 4

Low Production
Intensity

Model 3

High production
Intensity

Model 2

Low production
Intensity

Model 1

R2

0.06

0.07

0.03

0.26

0.11

0.15

0.11

0.21

0.15

0.33

2

0.03

0.05

-0.007

0.25

0.08

0.13

0.08

0.19

0.05

0.29

RMS error

1.80

2.02

1.84

1.80

1.76

1.93

1.75

1.87

1.78

1.75

Mean

2.01

1.74

2.01

1.74

2.01

1.74

2.01

1.74

2.01

1.74

31

48

31

48

31

48

31

48

31

48

Variables

Adj. R

N
Analysis of
Variance
DF (model)

1

1

1

1

1

1

1

1

3

3

DF (error)
SS (model)

29
6.47

46
13.96

29
2.63

46
53.05

29
10.66

46
30.80

29
11.33

46
42.35

27
14.69

44
67.24

SS (error)

93.97

188.59

97.81

149.49

89.78

171.74

89.11

160.19

85.76

135.30

MS (model)

6.47

13.96

2.63

53.05

10.66

30.80

11.33

42.35

4.90

22.41

MS (error)

3.24

4.10

3.37

3.25

3.10

3.73

3.07

3.48

3.18

3.08

F Ratio

2.00

3.40

0.78

16.33

3.44

8.25

3.69

12.16

1.54

7.29

Prob > F

0.1684

0.0714

0.3841

0.0002*

0.0737

0.0061*

0.0647

0.0011*

0.2266

0.0005*

Intercept

1.70,
4.37
<0.0001*

1.39,
3.99
0.0002*

1.88,
5.21
<0.0001*

1.23,
4.24
0.0001*

1.63,
4.32
0.0002*

1.26,
3.88
0.0003*

1.73,
4.95
<0.0001*

1.09,
3.35
0.0016*

1.62,
4.19
0.0003*

0.90,
2.79
0.0077*

Total IP
items

0.005,
1.41
0.1684

0.006,
1.85
0.0714
0.009,
0.88
0.3841

0.04,
4.04
0.0002*

0.006, 0.53
0.6022

0.028,
2.08
0.0436*

0.012,
0.95
0.3504

0.012,
0.89
0.0379*

0.049,
1.13
0.2704

0.065,
1.80
0.0795

Parameter
Estimates

Patents

Trade
secrets

0.018,
1.86
0.0737

Trademarks

0.035,
2.87
0.0061*
0.057,
1.92
0.0647

0.117,
3.49
0.0011*

Key to Parameter Estimates: Coefficient of Correlation, t Ratio, Prob >| t | (*P <0.05 = significance level)
Dependent variable for all models = Financial Performance Index

to production was less than average it was classified as exhibiting “low production
intensity” and, conversely, if the percentage of a firm’s total annual work-time devoted to
production was greater than average it was classified as exhibiting “high production
intensity.” Separate regression calculations were then carried out for each of the two
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groups of firms for each of the five models. The results of this exercise are summarized
in Table 6.When interpreting the statistics in Table 6 it is important to recognize that the
percentage of a firm’s total work time devoted to production activities is not, by
definition, the inverse of the percentage of that firm’s total work time devoted to research
and development. Firms also devote time and money to other activities, such as
management, marketing, long-range planning, public relations, government affairs,
community service, and other functions and services not directly related to either R&D or
production. As shown in Table 3, there is a correlation coefficient of about -0.6 between
R&D intensity and production intensity for the firms in our data set. This means that
there is a general tendency for firms to reduce the proportion of their total time devoted
to R&D as they move downstream towards greater emphasis on the commercial
production of goods and services. However, just because that is the general trend it does
not follow that technology firms are automatically forced in to making a trade-off
between either R&D or production. Individual firms do not necessarily conform to the
general pattern: a minority of firms may in fact be simultaneously R&D intensive and
production intensive. Hence, there is value in conducting an analysis of the moderating
influence of engagement in production activities (over and above our analysis of the
moderating influence of R&D intensity) on the relationship between investment in
intellectual property by firms and their financial performance.
Overall, the results in Table 6 show that—when the models include only patents,
trade secrets or trademarks (i.e., when copyright protected items and technology licenses
are excluded from the models)—the degree to which firms devote time to production
activities does indeed make a difference to the overall impact on their financial
performance of their investment in intellectual property. In Models 2, 3, 4 and 5 the
positive impact on financial performance of investment in intellectual property is strong
for the high production intensity firms; and in all cases the relationship is statistically
significant. This pattern holds true for all three of the dominant types of intellectual
property held by the firms (patents, trade secrets and trademarks) but it is especially
robust in the case of patents. The statistical results for Model 2 in Table 6 show that there
is a probability of only 0.0002 that the positive relationship between levels of patent
ownership and financial performance for the high production intensity firms may be
explained by chance; and for the low production intensity firms there is no statistically
significant relationship between levels of patent ownership and financial performance.
The results for Models 3 and 4 show that a similar pattern may be observed for the cases
of both trade secrets and trademarks, in their own right, as discrete factors. For Model 5,
which includes patents, trade secrets and trademarks in the equation, there is a probability
of only 0.0005 that the positive relationship may be explained by chance. Only in the
case of Model 1—where all types of intellectual property in addition to patents, trade
secrets and trademarks are included in the data—is the relationship between intellectual
property and financial performance not statistically significant for the high production
intensity firms. In short, the results in Table 6 demonstrate that, as a general rule, the
more that technology firms engage in the commercial production of goods and services
the greater is the financial benefit that they may obtain from possessing a strong
intellectual property portfolio.
In summary, the statistical results portrayed in Tables 5 and 6 indicate that a positive
relationship between the size of a firm’s intellectual property portfolio and its financial
performance may be enjoyed by both R&D-intensive firms and production-intensive
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firms. For production intensive firms, patents, trade secrets and trademarks in particular
are significant.

12 Conclusions and Discussion
A summary of the overall results of the preceding statistical analysis is presented in Table
7. The first conclusion that may be drawn from Table 7 is that Hypothesis 1 should be
accepted.3 In other words, there is statistically significant support for the proposition that
the accumulation of intellectual property by technology firms has a positive impact on
their financial performance. This broad conclusion applies generally across all types of
firms in the sample and to intellectual property “in general.” However, the results in
Table 7 also reveal that the nature of the relationship is not uniform across the various
types of intellectual property. The positive contributions of intellectual property to
financial performance arise predominantly from the firms’ investments in patents, trade
secrets and trademarks, rather than from their investment in copyright-protected items or
from obtaining licenses to use technology from external sources.
The second conclusion that may be drawn from Table 7 is that Hypothesis 2 should
be accepted. In other words, there is statistically significant support for the proposition
that, insofar as the accumulation of intellectual property by technology firms has a
positive impact on their financial performance, the degree of this positive impact will be
positively related to the degree to which the firms concentrate their efforts on research
and development activities. In short, from the point of view of financial performance,
intellectual property appears to matter more for R&D-intensive firms than it does for
firms that place less emphasis on research and development. However, this conclusion
needs to be qualified. The positive moderating effect of R&D-intensity on the
contribution to the financial performance of firms by intellectual property is accounted
for mostly by trademarks. In contrast to the situation with trademarks, it appears that the
financial performance of firms may be enhanced through investment in either patents or
trade secrets regardless of how much emphasis they place on research and development.
However, notwithstanding these facts (and as was also noted earlier in this paper, in
discussion of Table 5), it does appear that the more R&D-intensive a firm becomes, the
stronger and more significant the relationship becomes between its investment in both
patents and trade secrets and its financial performance. Even though trademarks are
clearly the most important type of intellectual property vis-à-vis Hypothesis 2, patents
and trade secrets also play a role. Thus, with appropriate qualifications, Hypothesis 2 may
be affirmed and accepted.
The third conclusion that may be drawn from Table 7 is that Hypothesis 3 should be
accepted. In other words, there is statistically significant support for the proposition that,
insofar as the accumulation of intellectual property by technology firms has a positive
impact on their financial performance, the degree of this positive impact will be

3

Strictly speaking, the formally correct way of expressing this would be to say that there
is sufficient statistical evidence to reject the null hypothesis for Hypothesis 1. However, for the
sake of convenience and simplicity of expression, the result is expressed here in a positive form:
that there is sufficient statistical evidence to accept the hypothesis (with a high degree of
confidence that the results could not be explained by chance).
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positively related to the degree to which the firms concentrate their efforts on the
commercial production of goods or services. In short, from the point of view of financial
performance, intellectual property appears to matter more for production-intensive firms
than it does for firms that place less emphasis on production activities. This conclusion is
equally valid for patents, trade secrets and trademarks. Nevertheless, this conclusion
needs to be qualified in one respect. The aggregate positive effect of production-intensity
on the relationship between intellectual property and the financial performance of
bioscience-technology firms is diluted by the inclusion of copyright and licenses in the
calculations. The positive moderating effect of production intensity may only be observed
for patents, trade secrets and trademarks. Thus, with this qualification, Hypothesis 3 may
also be affirmed and accepted. It is perhaps also worth noting that the statistical
significance of this positive relationship is the greatest for patents. In other words, patents
appear to play the most significant role in improving the financial performance of
technology firms as they move “downstream” to emphasize the commercial production of
goods or services.
Table 7

Relationship Between Accumulation of Intellectual Property and Financial Performance
Category of Technology Firms in the Study Sample

Type of
Intellectual Property

All Firms
(whole data set)

Positive,

Patents

highly
significant

Trade secrets

highly
significant

Trademarks

very highly
significant

Copyright protected items

Positive,

Positive,

Neutral /
insignificant

Neutral /

Licenses

insignificant

All types of IP (aggregated)

significant

Positive,

Firms with
Low R&D
Intensity

Firms with
High R&D
Intensity

Positive,

Positive,

significant

Positive,

significant

Neutral /

highly
significant

Positive,

more significant

Positive,

Firms with
Low
Production
Intensity
Neutral /
insignificant

Neutral /

insignificant

Neutral /

Firms with
High
Production
Intensity
Positive,

very highly
significant

Positive,

highly
significant

Positive,

insignificant

very highly
significant

insignificant

highly
significant

—

—

—

—

—

—

—

—

Neutral /

insignificant

Positive,
highly
significant

Neutral /

insignificant

Positive,
very highly
significant

The second and third conclusions together provide a simple answer to a question
posed at the beginning of this paper: does the strategic orientation of a technology firm—
specifically, the intensity of its engagement in either research and development or the
production of goods or services—make any difference to the level and character of the
impact of intellectual property on its business performance? The answer is yes.
The fourth conclusion that may be drawn from Table 7 was foreshadowed earlier in
the paper: the positive stimulus to financial performance from investment in intellectual
property may be enjoyed by a bioscience-technology firm regardless of whether its
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primary strategic orientation is towards research and development or towards the
commercial production of goods or services.
The results of the research presented in this paper evoke some principles that may be
applicable to managers of technology firms, especially managers of firms in the
bioscience-technology industries. First, strategies to improve the business performance of
a firm will generally require more than simply investing more heavily in R&D or
engaging more heavily in commercial production. It appears necessary for a firm to
simultaneously invest in building up an appropriate intellectual property portfolio for it to
reap the financial rewards of building up R&D or production. Second, it is important for
managers to artfully employ the right mix of intellectual property rights in support of
their technology strategy and business strategy. While patents clearly have a central role
to play in the business of technology firms, other types of intellectual property such as
trade secrets or trademarks are clearly also important. The strategic management of
intellectual property involves not only deciding how much intellectual property
protection to assemble in a firm, but also what type of intellectual property rights are
appropriate for the technologies, products and markets of the firm, at any one point in
time, together with the appropriate geographical domains in which to assert those rights.
Third, while the cost of obtaining, maintaining and enforcing intellectual property rights
can be very high—especially for small, entrepreneurial firms, including start-ups—the
research presented here suggests that, on the whole, it is a price worth paying. The
challenge for managers is working out how to strategically manage intellectual property
so that the cost of doing so is easily covered by revenue generated through the artful
deployment of those IP assets. Associated with that challenge is the challenge of
managing intellectual property to enhance the terms upon which investment capital is
attracted to the enterprise during the early developmental phases of its business.
The results reported in this paper also have implications for further academic
research. To begin with, it is worth noting that the empirical results presented here accord
with the dominant view that has begun to emerge in the literature, which is that there is a
positive relationship between the size of the intellectual property portfolio owned by
firms and their financial performance. However, the challenge of reconciling this view
with the results of the minority of studies that appears to have reached the opposite view
still remains. The literature provides some clues as to how this might be done. Most of
the studies reported earlier in this paper point to variations in industry, technology,
geography or environment as explanations for variations in the degree to which
intellectual property may legitimately be cited as a determinant of financial performance.
Future academic research on the intellectual-property / financial-performance relationship
ought to examine more closely the exact manner in which these factors come in to play.
The results presented in this paper are based on data collected from firms in one
particular industry context, that of the bioscience-technology industries. By definition,
bioscience-technology firms are technology-intensive organizations. This no doubt
presents unique considerations. Future research should bear that in mind by applying the
approach adopted here to other industries.
Additionally, note should be made of the fact that there are multiple ways of
measuring business performance, and of measuring financial performance in particular.
Data suitable for calculating some of the more popular measures found in the business
literature—such as return-on-assets, operational profitability, or changes in the value of
publicly-traded shares—are typically only readily obtainable for publicly listed firms.
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This is one reason why most academic studies on business performance are based on data
obtained from the public stock markets. Given that only a minority of technology firms
are publicly listed, and given that publicly listed firms differ markedly from privately
held firms, it is doubtful whether research based on data from publicly traded firms will
produce results that properly represent technology based industries as a whole. Likewise,
it is difficult to produce robust and widely applicable results for research on technology
industries by relying upon the popular measures of financial performance, such as
profitability or the market value of publicly traded stocks. For these reasons, and others,
the financial performance measure employed in this study was based on weighted
revenue-growth data, which are more readily available for both privately held and
publicly traded firms, and well as for not-for-profit enterprises engaged in trade. One of
the likely explanations for differences in the general conclusions reached by the minority
of studies and the majority of studies in the field of intellectual property and financial
performance no doubt lies with the contrasting performance measures employed in each
project. Future research in this field should perhaps pay more attention to the choice of
performance measure and to comparing the differences in results according to which
measures are employed.
It is also important to remember that intellectual property is only one of many sets of
factors that determine the relative financial performance of firms. The traditional factors
that have typically occupied the attention of business researchers—such as leadership,
operations, market conditions, the economic environment, financial management, the cost
of capital, the cost of resources, the level of human capabilities or social capital in a
community, the nature of competitive forces, the level of available technology, the legal
environment, the pre-existing competencies of the firm, or organizational dynamics, to
name just some of the critical ones—are still extremely important, no matter how
sophisticated a firm may be in its intellectual property strategy. Intellectual property is
just one additional set of factors to add to the mix. However, the research presented here
has demonstrated that intellectual property matters. It needs to be treated, and managed
strategically, as a critical function of the modern business enterprise, alongside orthodox
functions such as finance, accounting, operations, human resources, marketing, sales,
R&D, legal affairs or public relations.
Intellectual property, if managed effectively, can make a critical difference to the
financial performance of enterprises.
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