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Abstract Many studies have proven the relevance of patent characteristics to
predict firms’ economic returns. The most studied ones concern the (technological,
scientific or radically new) type of knowledge embedded into the patents; the
technological impact on society, measured by the forward citations; the economic
value attributed by the firms to the patents, measured by their renewal and, more
recently, the closeness of the patent to the firm’s technological profile. We build on
this literature, focusing on a less studied topic, the characteristics associated to the
academic patents held by firms and the profit stream generated by these assets. We
empirically examine these research issues using longitudinal data from a cross-
industry study of 712 units of observation over a recent 10-year period
(1996-2007). The paper focuses on the units’ idiosyncratic effects and the hetero-
geneous impact of the academic patents. We analyse the effect of academic patents
characteristics with a one- and a three-year time lag structure, following the literature
indication that academic patents can show a different impact at medium-long term.
Contrary to previous findings, what matters for academic patents to improve firms’
economic performance both at short and at long term is not their radicalness or
explorative nature, but the stock of technical and scientific knowledge on which
inventions are based, measured through the backward citations to patent and
non-patent literature and the closeness to firm’s core technologies, in which compa-
nies have good competences and invest more resources. These results open the way
to more in-depth analyses.
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3.1 Introduction

Inventions based on academic research are crucial drivers of innovation.
Policymakers often deem academic patents (patents in which at least one inventor
is an academic, regardless of assignee) as a vital tool for technology transfer (Lissoni
and Montobbio, 2015). The literature considers academic contributions as a way for
firms to expand their capacity to engage in exploration, which is essential for their
mid- to long-term innovation activities (Nelson & Winter, 1982; Dosi, 1988; March,
1991; Ahuja & Lampert, 2001; Lester & Piore, 2004).

Many scholars have recognized some fundamental differences of academic
patents, compared with corporate patents, such as tighter linkages to the scientific
literature and a higher degree of generality (much broader applications). This is the
consequence of academic patents being a product of the “public” science, whose
distinctive features suggest a significant contribution to technological progress and
growth. By comparing patents with at least one academic inventor to a control group
of pure business patents, researchers showed that academic patents are on average
more important, resulting in greater knowledge externalities, as measured by for-
ward citations (Henderson et al., 1998; Sampat et al., 2003; Bacchiocchi &
Montobbio, 2009).

A relatively recent literature recognised the importance of distinguishing aca-
demic patents by their assignee and looked at the relationship between ownership
structure and characteristics of academic inventions. Ljunberg and McKelvey (2012)
wrote that university owned and firm owned academic patents differ in their nature
(see also Geuna & Rossi, 2011). While the first one may largely result from scientific
opportunities, the firm owned academic patents should probably not be considered
the result of scientific opportunities transferred to firms, but a by-product of firms
involving academics in their invention processes (Azagra-Caro, 2011). Other
scholars (Bishop et al., 2011) sustained that while university-owned academic
patents may result from a science-push contribution of university to industrial
innovation, the firms’ owned ones derive more probably from a demand-pull
mechanism.

More rarely researchers have strictly focused on the firm side, by comparing for
example the effect of patents with and without academic participation on firm
performance: the adoption of the firm perspective and of the relative value of
academic patents remains partially unanswered (Geuna & Rossi, 2011; Lissoni,
2012).

In this work, we focus on firms and on their owned academic patents by studying
how the characteristics of these patents affect firms’ economic performance. Aca-
demic patents owned by firms are particularly relevant because these industrial
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inventions are those that, by definition, may entail contrasting incentives and
structures of both academics and firms (Ljungberg et al., 2013).

The issue with this kind of setting is that most of the previous literature have
studied the impact of firms’ patent portfolio on firms’ performance without
distinguishing between academic and the other type of patents and often analysing
single characteristic individually, without offering a view of the relative impact of
each aspect vis-a-vis all the main others.

Our aim is to enhance the existing literature on the relation between firms’ patents
and economic performance, looking at the less explored field of firm owned aca-
demic patents and to a large account of patent indicators of firm performance in their
interaction, heterogeneity and dynamics. The paper focuses on the units’ idiosyn-
cratic effects and the heterogeneous impact of academic patents according to their
characteristics.

The paper proceeds as follows: Section 3.2 sets out the theoretical background
concerning the characteristics influencing academic patent performance. Section 3.3
presents the dataset and a description of the variables employed in the empirical part.
Section 3.4 provides a short explanation of the responsiveness score approach.
Section 3.5 illustrates the main results organised in two sub-paragraphs: (i) the effect
of academic patents on firms’ profitability, (ii) a short and long term breakdown of
the analysis. Section 3.6 provides a brief discussion and conclusion.

3.2 Theoretical Background of the Factors Influencing
the Impact of Academic Patents

In economic terms, patents have generally been regarded as a useful instrument to
grant inventors temporary exclusionary rights. However, the potential economic
significance of patented products varies remarkably (Artz et al., 2010; Bogner &
Bansal, 2007; Encaoua et al., 2006), with only a relatively small number of patents
being of such impact to generate significant economic returns (Schankerman and
Pakes, 1986). There is also considerable evidence that, in many contexts, patents do
not work and there are numerous explanations given for patent ineffectiveness in
improving firm performance such as, for example, firms’ defensive or strategic use.
The inability of patent counts to distinguish between high-impact and low-impact
patents is also well documented (Hall et al., 2001; Trajtenberg, 1990).

In the literature, there is a large number of contributions to the definition and
measurement of patent technological and economic value. These indicators mirror
different — although interrelated — aspects, sometimes having a mainly technological
(backward citations) or preponderantly economic connotation (patent renewals), or
both (forward citations, generality). Furtherly, depending on the indicator consid-
ered, the meaning of patent impact might be closer to that of private value or of social
value (OECD, 2013).
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Many studies have proven the relevance of studying patent characteristics. Deng
et al. (1999) and Thomas et al. (2001) used patent characteristics to predict stock
returns and market-to book ratios; Cheng et al. (2010) to predict return on assets
(ROA). Various indicators were considered to evaluate patents’ advantage and their
impact through the exploitation of different databases (e.g. CHI Research, Inc.).

We selected patent characteristics based on the relevance they raised in the
literature. The list of patent characteristics and the associated indicators is the
following:

¢ New to the firm knowledge content (measured by patent radicalness);

* Economic value attributed by the firm (measured by patent renewal);

* Technological impact (measured by forward citations);

» Technological knowledge content (measured by backward citations to patent
literature);

» Scientific knowledge content (measured by backward citations to non-patent
literature);

» Exploitative versus explorative character of the academic patent relative to the
firm’s technological profile (measured by technological closeness)

In this study, we used the OECD dataset (OECD, 2013) including several
measures of academic patents, with the exception of the exploitative/explorative
character of the academic patent. This last characteristic was not included in the
OECD dataset, however we calculated it in order to account for some interesting
theoretical insights raised by a recent literature (Belderbos et al., 2010; Ljungberg
et al., 2013; Peeters et al., 2018).

In the following, we report some literature whose goal is to assess the effect of
different patent characteristics on firm economic success.

3.2.1 Characteristics of Academic Patents Affecting Firms’
Profits

How does a new knowledge content of patents impact on firm’ performance? Interest
in radical innovation originated with Schumpeter (1934), one of the first to claim that
radical technological change is a powerful mechanism that can challenge the power
of monopolists and bring to relevant economic results. Many empirical studies have
tested Schumpeter’s ideas (Anderson & Tushma, 1990; Henderson, 1993; Cooper &
Schendel, 1976; Tripsas, 1997). Compared with incremental inventions, radical
inventions imply the start of a new trajectory for the firm, which involves costs of
adjustment. More generally, radical inventions can underperform vis-a-vis an
established technology, before it catches up and surpasses the old technology
(Christensen & Rosenbloom, 1995). The literature tells us that the impact of patent
radicalness can be positive, but does not have a strong effect in a short time.
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As to the economic value attributed by firms to patents, many industrialized
countries charge patent holders’ periodic maintenance with renewal fees. This
phenomenon has been exploited by scholars to estimate the patent economic
value, measured by the length of patent protection (Pakes & Schankerman, 1984;
Schankerman and Pakes, 1986; Pakes, 1986; Lanjouw et al., 1998). Harhoff et al.
(1998) found a highly rightward-skewed distribution of patent protection values.
Exploring the distribution properties of the tail is important, because with skewed
distributions, outlying tail values account for a large fraction of the cumulative value
over all observations. The literature tells us that the closer the patents’ renewal is to
the full term, the higher is the firms’ expectation of economic returns. However, the
relation with the economic returns has a high volatility, meaning that other factors
can influence it.

As to technological impact, much of the research on forward citations has the
scope to validate them as an appropriate measure. Highly cited patents have been
associated to measures of technological importance, such as inventor awards and
high-value inventions. Other studies have revealed a positive relationship between
forward citations and various measures of economic and commercial success,
including stock market valuations (Breitzman & Narin, 2001), stock price move-
ments (Narin et al., 2004) and increased sales and profits (Narin et al., 1987). It has
been shown that high-quality, high-impact and valuable patents tend to be cited more
frequently by later patents (Breitzman & Mogee, 2002). Many scholars, studying the
relationship between patent and corporation performances, have confirmed the
positive relation between patent citations and market value in industries, such as
manufacturing, pharmaceutical as well as semiconductor industries (Chen & Chang,
2010; Griliches, 1990; Hall et al., 2000, 2005; Lanjouw & Schankerman, 2004).
Therefore, we can safely draw the conclusion that high patent citations reflect high
knowledge spillovers and (social and private) economic value.

The technological knowledge base is measured by backward citations to the
patent literature (PL). In order to evaluate the novelty of the innovation requiring
patent protection, patent applicants are asked to disclose the prior knowledge they
have relied on. During technical examination, the patent examiner checks such
references. Backward citations have been found to be positively related to the
economic value of an invention (Harhoff et al., 2003). Large numbers of backward
citations may signal the innovation to be more incremental in nature (Lanjouw &
Schankerman, 2001). However, Podolny and Stuart (1995) argue that building upon
pre-existing innovation can indicate a way to success.

Patent applications can include a list of references to earlier non-patent literature
(NPL), scientific papers that set the boundaries of patents’ claims for novelty,
inventive activity, and industrial applicability. Non-patent literature consists of
peer-reviewed scientific papers, conference proceedings, databases and other rele-
vant literature. Backward citations to NPL can be considered an indicator of the
contribution of public science to industrial technology (Narin et al., 1997). They may
reflect how close a patented invention is to scientific knowledge and help depict the
proximity of technological and scientific developments (Callaert et al., 2006).
Cassiman et al. (2008) suggest that patents that cite scientific works may contain
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more complex and fundamental knowledge, and this in turn may influence the
“generality” of patents (a large range of applications), which could bring to a high
economic return. We conclude that references to NPL can be an indicator associated
to positive economic return to firms.

A new approach links academic patents’ technology content and firms’ techno-
logical profile and look at the specific patent performance. Ljungberg and McKelvey
(2012) and Ljungberg et al. (2013) in their important contribution studied the
relation between patents’ technological content and their technological impact
measured by forward citations, by comparing firm-owned patents with and without
academic involvement. Before controlling for the technological profile, results
showed that academic patents have a significant negative effect on both short-term
and long-term citations. However, when these scholars controlled whether firm’s
core technologies are involved in patenting, the negative effect of “academic inven-
tor” is weakly statistically significant in the short-term and disappears in the long-
term. In sum, their results showed that academic involvement per se is not adequate
in order to evaluate the patent impact, which has to be assessed under the consider-
ation of the specific technological profile the patent belongs to and the time lag.

Peeters et al. (2018) regard patent’s novelty in the firms’ technology base as
essential to assess knowledge-creation dynamics. They studied the contribution of
academics to corporate technology development through self-forward citations.
Following Belderbos et al. (2010), Peeters et al. (2018) distinguished between
trajectories of an exploitative and an exploratory nature, i.e. academic patents in
technologies that are “novel to firms” from those related to firm’s existing techno-
logical domains. The firm can make a different use of the academic patent, either if it
is familiar with the patent’s underlying technology (exploitation) or not (explora-
tion). The main result of Peeters et al. (2018) is that forward self-citations are higher
in exploratory trajectories when academic inventors are involved or in exploitative
trajectories without academic involvement. These scholars stress that involving
academics in exploitative trajectories seems to have a detrimental effect on firm
inventive performance. The presence of dead-end outcomes, measured by zero self-
forward citations, might represent the explanation of this result.

By and large, we can conclude that the indicator of the technological content of
the academic patent in relation to the firm technological profile is relevant to study
firm economic performance. Following the literature, we can expect a negative effect
on firm economic return if the academic patent has a technological content similar to
those of the firm, stronger at short- than at long-term. However, if we could control
for the association of the technological academic patent profile with some indicators
of firm “core” technology, the effect is expected to become positive.
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3.2.2 The Impact of Academic Patents’ Characteristics
on Short and Long Term

Some literature has found relevant to distinguish the effect of academic patents in
short and long term. Two recent studies have found that firm-owned academic
patents are associated with short-term technological impact while university-
owned patents are associated with long-term technological impact (Czarnitzki
et al., 2012; Sterzi, 2013). Ljungberg and McKelvey (2012) and Ljungberg et al.
(2013) in their analysis of patent impact explicitly address the differentiation of
short-term and long-term value. They assumed that there might be an interaction
between the technological profile of a patent and its short-term and long-term
impact. In particular, the scholars found that in case of an academic patent content
close to the technology knowledge of the firm holding them there is a significant
decrease of the negative effect on the long-term citations. We will check the different
time effect for each specific characteristics of the academic patents.

3.3 Data and Variables

Our dataset consists of a panel of Italian firms that owned at least one academic
patent, as well as non-academic patents, covering the period from 1996 to 2007.
Patents co-owned by a firm and a public institution were excluded. Two large micro-
level databases form the basis of this analysis. The first database is the EPO
Worldwide Patent Statistics Database (PATSTAT), which contains detailed infor-
mation on firm patent applications from more than 80 patent offices. The second one
is the firm-level commercial database ORBIS developed by Bureau van Dijk. Our
sources are a revised version of Lotti and Marin (2013) matching PATSTAT and
Bureau van Dijk, and the list of academic patents produced by the Academic
Patenting in Europe (APE-INV) project, linked together through patent publication
codes.' Budget data are cross-referenced with the patent’s priority date, identifying
the invention. Our unit of analysis was the firm/patent pair. After eliminating data on
patents whose academic nature was unknown, we had a sample of 31,180 units for
analysis, of which 29,748 referred to non-academic patents and 1432 to academic
ones. The panel include firms of large, medium and small size as well as manufactur-
ing and service sectors.

We considered six patent characteristics (then used to construct responsiveness
scores). The dataset refers to EPO patent applications data. Data are generally
presented in the form of normalized indexes ranging between zero and one. These

!These two good-quality datasets (i.e. Lotti & Marin, 2013 and APE-INV) provide a unique tool to
investigate the research questions at hand on a European country. Furthermore, given that the two
datasets have already been largely employed (separately) in academic research, they are scientifi-
cally validated, thus providing reliability to our results.
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are obtained by dividing the initial results by the maximum score obtained by any
patent in the same year and technology field cohort patent, without distinguishing
between academic and non-academic ones.

* Radicalness. Radicalness of a patent is measured as a time invariant count of the
number of IPC technology classes in which the patents cited by the given patent
are, but in which the patent itself is not classified. The more a patent cites previous
patents in classes other than the ones it is in, the more the invention should be
considered radical.

e Renewal. Patent renewals ‘rates can be used to estimate the economic value that
firms attribute to patents protection. The OECD patent renewal indicator corre-
sponds to the simple count of years during which a granted patent has been kept
alive. Years are counted starting from the year in which a patent has been applied

» Forward citations are the number of citations received by patent application from
its publication. Forward citations are counted over a period of five or seven years
after the publication date (OECD, 2013). Their number includes self-citations.
We used the number of forward citations per patent over a period of seven years.

* Backward citations to PL are the number of citations per patent made by patent
applicants to disclose the prior knowledge on which they have relied. References
to non-patent literature have been excluded from the count, whereas self-citations
have not. The distribution of backward citations has a very long right tail. 5%-
10% of patents do not rely on any prior art, i.e. features zero backward citations
and only a very small percentage of patent documents contain more than ten
backward citations.

* Backward citations to NPL are the number of citations per patent made by patent
applicants to non-patent literature on which they have relied. The majority of
patents generally do not cite any non-patent literature as prior art, the distribution
of NPL citations is skewed and it features a very long right tail.

» Technological closeness. We measured it as the number of 4-digit IPCs in the
academic patent that already existed within the firm’s patent portfolio before the
academic patent’s priority date. This indicator ranges between zero (maximum
technological distance) and one (no technological distance). Maximum distance
means that the firm’s portfolio had no IPCs that matched any IPCs in the
academic patent before the academic patent’s priority date. For instance, if only
one of the academic patent’s IPC categories is present in the four IPC categories
of the firm’s existing patent portfolio, the share is 1/4 = 0.25. The closer to one is
the share the lower is the distance or differentiation of the technological contri-
bution provided by academic inventors. We excluded so-called first patents,
which have not history. There were 4750 first patents, or around 15% of all
patents and 155 first academic patents, representing around 11% of all academic
patents. After these eliminations, our sample contained 26,000 units of analysis,
including 1277 academic ones, once considering all the variables (outcome,
treatment, and control variables).
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The economic outcome variable (our dependent variable) is represented by the
operating profit margin before taxation (OPM), i.e. the ratio between net income and
production revenues.

For estimation, we also consider a series of control variables, distinguished
between firm- and patent-level covariates. Firm-level controls include: the number
of employees, to control for firm size; labour intensity; the ratio between labour costs
and production value; labour cost per employee; R&D intensity, the ratio between
R&D expenditures and production value; capital stock, the ratio between the firm’s
material assets and production value; indebtedness, the ratio between long-term debt
and total assets; age, number of years since the firm’s founding.

As for patent-level controls, we used the patent portfolio quality, a composite
indicator published by the OECD (2013). This indicator captures both the techno-
logical and economic value of inventions and is based on patent citations, claims,
patent renewals, and patent family size. It correlates with the social and private value
of patented inventions.

3.4 The Responsiveness Scores Model

The responsiveness scores (RS) model is a regression model where the parameters
are random variables instead of fixed numbers. In our study, the model takes the
following form (Cerulli, 2017):

Vi1 = @yje + bipixije + (2ir) + e (3.1)

The dependent variable y represents the OPM one year after the academic patent’s
priority year. Both a and b are random coefficients, with b; representing the
responsiveness of firm i’s outcome to academic patent characteristic x;. The vector
z represents the set of control variables. As indicated, we considered six academic
patent characteristics x;, and calculated how the firm’s economic performance
responded to each characteristic. Note that both the regression parameters a and
b are both non-constant as they depend on every characteristic except the one being
analysed separately (x; in the previous equation).

Responsiveness scores measure the change in a given outcome y when a given
factor x; changes, conditional on all other factors x_;. Algebraically, it is the deriv-
ative of y on x; given X, allowing each observation to receive its own
RS. Responsiveness scores are obtained via an iterated random coefficient regression
developed in Cerulli (2017), whose basic econometrics build on Wooldridge (2002).
The calculation of responsiveness scores follows this simple protocol:

¢ Define y, the outcome (or response) variable.
* Define a set of factors Q believed to affect y, and specify the generic factor as x;.
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e Define a random coefficient regression (RCR) model linking y to the various
genetic factors x;, and extract the unit-specific responsiveness effect of y on the set
of factors x;, withj =1, ..., Q.

* For the generic unit i and factor j, indicate their effect as b;; and assemble all of the
effects in a matrix B.

* Finally, aggregate the b; by unit (row) and/or by factor (column), generating
synthetic unit and factor responsiveness measures.

Analytically, an RS is the partial effect of a factor, x, in a random coefficient
regression (Wooldridge, 1997, 2002, 2005) defined by the following system of
equations:

Vi = aij + byxij + e;
aij =y + XY + u; (3.2)
bij = 50 + X,;,jf) + Vij

where e;, u;; and v;; are freely correlated error terms.

3.5 Results

3.5.1 Academic Patents Characteristics: A Descriptive
Analysis

Table 3.1 sets out the descriptive statistics of academic patents’ characteristics herein
considered.”

The mean of the Technological closeness index was 0.84, which is close to one,
the value corresponding to pure exploitation. However, half of the observations have
values between zero and one, as the median is 1. This result is similar to that of

Table 3.1 Descriptive statistics on each single-patent indicator (n = 712)

Mean Median Std. Dev. Minimum Maximum
Radicalness 0.292 0.242 0.264 0 1
Renewal 9.697 10.000 4.586 1 20
Forward Citations (7) 1.029 0.000 2.418 0 36
Backward citations to PL 4.177 3.000 5.888 1 139
Backward citations to NPL 2.160 0.000 9.463 0 229
Technological closeness 0.844 1.000 0.325 0 1

>The descriptive statistics of our sample are extremely close to the statistics of the entire academic
patent population. Therefore, the representativeness of our sample, notwithstanding the presence of
missing values, is not biased.
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Ljungberg and McKelvey (2012) who found out that academic involvement mainly
takes place in inventions highly related to firms’ technology bases. The scholars
suggested that firms involve academics mainly for the current problem-solving
activities. Similar result is in Peeters et al. (2018): exploitative trajectories still
constitute the lion’s share of technology developments in which academics play
a role.

Radicalness refers to how much new an invention is in relation to the firm’s
previous patented output. In our sample, radicalness has a low mean, which indicates
that a large percentage of academic patents cites zero or a low number of previous
technologically different inventions.

The Renewal index shows that, on average, firms renewed their academic patent
rights for a period around half the typical life of a patent, which varies between 1 and
20 years.

The number of Forward citations received by academic patents over a period of
7 years had a large probability spike at zero and varied between 0 and 36, with a low
mean of 1.02 citations.

As for backward citations to PL, the average patent featured four backward
citations, with a highly skewed distribution, a long right tail, a median of three
citations and a high variation rate. Our results for academic patent held by firms are
close to those of OECD for EPO patents in general: average values are around 0.3
and 75th percentile values are around 0.4 (OECD, 2013).

The indicator of linkage to science, Backward citations to NPL, shows an average
patent featuring two backward citations to non-patent literature, with a very high
variation rate.

Finally, we calculated the correlation among our patent indicators within the
estimation sample. Except for the correlation between Backward citations to NPL
and Backward citations to PL, which is significant and around 82%, all the other
indicators are poorly correlated. This means that it makes sense to consider them as
separate treatments in our estimation model.

3.5.2 Estimation and Analysis of Responsiveness Scores
3.5.2.1 Academic Patent Effect on Firms’ Profitability

Table 3.2 illustrates the descriptive statistics of the responsiveness scores model with
a one-year lag from the patent’s priority year, whereas Fig. 3.1 shows the distribution
of the responsiveness score for the different characteristics at short term.

The mean value indicates the average magnitude of responsiveness score to each
academic patent characteristic.

Radicalness can be a measure of a firm’s explorative research trajectory. It has the
smallest, even if positive, effect on the firm economic performance with an RS of
0.009 in the short term. The score distribution is a pretty bell-shaped one, with the
presence of a right tale of higher values of positive response (maximum value is 2.5).
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Fig. 3.1 Distribution of the OPM’s responsiveness scores to patent indicators, with a one-year lag.
The term Technological coherence in the figure must be intended as Technological closeness

Patent Renewal, meaning firms ‘attribution of economic value to the patent,
exhibits the highest effect on profitability, but with the highest variability. A very
wide dispersion of results is present and at the 75th percentile the Response Score is
equal to 0.9, showing that the extreme values in the right tail drives the mean.

The two indicators of prior art exhibit relatively more important responsiveness
scores. Backward citations to PL have a positive mean, meaning that firms’ eco-
nomic return responds positively to an increase in the stock of cumulated
knowledge.

Backward citations to NPL, suggesting a link with science and basic research,
have the lowest dispersion of values around the positive mean. Firms’ profit
responds rather homogeneously to this factor. An increase in backward citation to
scientific literature has a positive effect on the economic return and this support
Cassiman et al. (2008) suggestion that patents that cite science contain more
complex and fundamental knowledge and this influences positively their generality.
Forward citations manifest one of the lowest effects, with a mean RS of 0.02. It has
an asymmetric distribution of the responsiveness scores, both on the left and the right
sides. Probably the use of only self-forward citations that specifically measure how
much the firm applicant builds on a patented invention in its later technological
activities (Sgrensen & Stuart, 2000; Rosenkopf and Nerkar, 2001; Peeters et al.,
2018), could exhibit a stronger and more regular relation with the private economic
return.

The Technological closeness of the academic patents to the firms’ technological
profile shows a negative sign, i.e. an increase towards a full exploitative trajectory
leads to a decrease in the OPM, all other variables held constant. The negative mean
score is around —0.03.> However, the distribution shows a right-side skewness with
a long tale of positive scores.

3Precisely a one standard deviation increases in academic patent technological closeness led to a 0.3
standard deviation decrease in the projected OPM, all other variables held constant.
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Table 3.3 Descriptive statistics for Responsiveness Scores - High renewal (n = 366)

Std. 25th 75th

Mean Dev. |Minimum | Maximum | Median | Percentile | Percentile
Technological 0.055 [0.563 | —0.264 9.794 —0.008 | —0.081 0.074
closeness
Radicalness —0.027 |0.138 | —0.891 0.661 —0.019 | —0.084 0.043
Renewal —0.299 |3.009 | —5.925 32.833 —-0.709 | —1.873 0.618
Forward Cita- 0.033 [0.105 | —0.241 1.019 0.042 | —0.026 0.086
tions (7)
Backward cita- | —0.022 [0.180 | —0.592 0.241 0.004 | —0.139 0.126
tions to PL
Backward cita- 0.036 |0.069 | —0.148 0.162 0.043 0.014 0.085
tions to NPL

Outcome variable: Operating Profit Margin at t + 1. Table 3.3 and Table 3.4 must be read together;
the sum of the number of observations is 366 + 346 = 712

It could be interesting to check if any conditions may alter the negative effect of
the technological closeness of the academic patents to the technical profile of the
holding firm. Ljundberg et al. (2012) showed that when a patent’s technological
closeness is associated to a firm core technology, i.e. a technology in which the firm
invest a high share of resources and in which it has a competitive advantage, the
impact of the patent is positive. We checked if the association of patent technological
closeness with patent high renewal value, indicator of firm’s high expectation of
patent economic value and consequently of firm’s interest in investing resources in
that patent, exhibit a positive score and we found out a confirmation.

Our result denies Peeters et al. (2018) conclusion that when the academic patents
are characterised by an exploitative character (closeness to a firm’s technological
domain), the effect on the firm technical development is always negative, while the
academic inventors’ involvement in technology development can benefit to a firm
when they are exploration-oriented. Our result corroborates the statement of
Ljungberg and McKelvey (2012) and Ljungberg et al. (2013). The meaning of this
result is that where the firm has strong competences in a field and invests resources
there, the associated external contributions, complementing firm’s knowledge in
some way, can produce a positive return.

Tables 3.3 and 3.4 show that firm’s academic patents characterized by high
renewal have a positive score measuring the response of operating profit margin,
while academic patents with a low renewal have a negative score. We simply divided
the sample into two components: with high and low active life of patents (Renewal).
The negative value (—0.133) is higher than the mean value —0.035 without an
association to patent renewal (Table 3.3). Note that the responsiveness score of the
renewal component is negative for firms with an already high renewal intensity and
positive for those with low renewal intensity. This can be interpreted as a scale
effect: at high level of renewal intensity, a marginal increase of renewal may have a
negative effect on profitability, as the induced costs are higher than the benefits of



3 The Heterogeneous Impact of Academic Patent Characteristics on Firms’. .. 39

Table 3.4 Descriptive statistics for Responsiveness Scores - Low renewal (n = 346)

Std. 25th 75th

Mean Dev. |Minimum | Maximum | Median | Percentile | Percentile
Technological —0.133 |0.201 —1.665 |0.048 —-0.073 | -0.171 -0.019
closeness
Radicalness 0.017 [0.207 | —0.427 |1.079 —0.01 —0.116 0.099
Renewal 0.174 [2.282 | —14.116 |3.795 0.633 | —0.526 1.481
Forward Cita- 0.033 |0.205 —0.453 0.792 0.02 | —0.097 0.121
tions (7)
Backward cita- 0.1 0.38 —0.586 |2.723 0.039 | —0.148 0.264
tions to PL
Backward cita- 0.138 |0.225 —0.501 |0.866 0.118 | —0.03 0.275
tions to NPL

Outcome variable: Operating Profit Margin at t + 1. Table 3.3 and Table 3.4 must be read together;
the sum of the number of observations is 366 + 346 = 712

marginal renewal extension. The opposite occurs when firms start from significantly
lower renewal level.

3.5.2.2 Short and Long-Term Analysis

In this section, we check the presence of different effects of the patent characteristics
on firms’ economic performance in the long term. Given data availability, we use a
lag of three years. The literature supports our choice: technical knowledge evolves
rapidly in most technology fields, losing most of its technical and economical
relevance within five years (Ahuja & Lampert, 2001; Hall et al., 2005; Leten
et al., 2007). A technology domain remains relatively new and unexplored immedi-
ately after a firm embarks on technological activities and it keeps its explorative
status for a period of around three consecutive years (Belderbos et al., 2010).

Figure 3.2 plots the relative frequency distribution of the RS with the mean and
standard deviation respectively at one year and three years after patent application.

In the short time the better effect is shown by the academic patent’s knowledge
base (prior art), whose two indicators exhibit relatively higher and less dispersed
positive results. In the long term, it is the technological knowledge base of academic
patents (Backward citations to PL) which reveals a positive improvement: there is a
higher concentration of response scores around positive values and the left right tail
is reduced. As to the scientific knowledge base (Backward citations to NPL) there is
a slight increase of the negative response scores, even if the response scores
distribution remain bell-shaped and concentrated, indicating that firms’ profits
respond rather homogeneously. The long-term effect may reveal possible failures
in case of less familiar knowledge base, but only in a few cases.

In the short term an academic patent with a knowledge base new to the firm
(Radicalness) manifests the lower positive effect on firms’ profit and in the long term
the effect gets worse. The distribution of the response scores changes and exhibits a
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Fig. 3.2 Distribution of the OPM’s responsiveness scores to patent indicators, with a three-year
lag. The term. Technological coherence in the figure must be intended as Technological closeness

higher concentration on negative scores; at the same time, it has a bit longer right tail.
It seems likely to indicate a strong heterogeneity in the firms’ capacity of commer-
cially exploiting new and unfamiliar technological fields.

When an academic patent has a technological content very similar to the firm’s
current knowledge (Technological closeness), the effect (profit response scores) on
average is negative at short time, but with a right-side skewness, i.e. a long tale of
positive scores, most likely due to idiosyncratic aspects. The distribution’s shape
changes at long term, by slightly increasing the frequencies of positive response
scores. This would ask for more analysis, in general, when the academic patent is
technologically close to the firm’s technological profile, but it concerns a firm’s core
field, i.e. a technological field from which firms expect good economic results, the
effect of this last characteristic prevails and change the impact on profit for the
positive.

3.6 Discussion and Conclusions

The goal of this study was to analyse the link between academic involvement in
firms’ research and firm’s economic performance, through academic patents and
their associated technological and economic characteristics. We found only a few
contributions in the literature on this specific topic and their results gave little
attention to the large heterogeneity characterising both academic patents and their
industrial applicants. Mainly focused on average effects, these contributions have
provided a polarised view of the academic patents’ contribution to the commercial
and economic success of their industrial assignees, i.e. only a small part of firm
owned academic patents, those with a more radical and exploration-oriented char-
acter, would have a positive effect (mainly in the long term) on firms’ performance.
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Our findings support a more nuanced kind of conclusions, opening up to further
investigation on this topic. In accordance with the literature, we found that academic
patents held by firms have on average a problem-solving characteristic, i.e. they are
oriented to help firm to find solutions to difficult or complex current issues, that is
different from an activity of explorative research. However, this incremental knowl-
edge contribution given by scientists, probably on aspects that firms cannot manage
well, does not bring to dead ends. Our results show that, when we look at the
academic patents in the firms’ portfolio, they can produce better results at short and
long term mostly when the invention has a strong technical base. The incremental
content of these patents, that can be roughly identified with the prior art technolog-
ical background (Backward citations to PL) has only a small left tail identifying
negative response scores of profitability. It has rather concentrated positive scores in
the short term, with a score distribution becoming more centred on positive values in
the long term. A scientific knowledge base of the invention is also positively relevant
for the firm’s economic performance, but at long term some failures appear, probably
due to knowledge absorption capacity on the firm side.

The difficulty of managing unfamiliar knowledge is more evident when the
invention is the result of an explorative strategy: The Radicalness indicator showed
alow and not stable effect at long term. Negative scores and a long right tail reveal a
strong heterogeneity in the firms’ capacity of commercially exploiting new techno-
logical fields. Entering in a new field is a risky and costly strategy for firms: only
some of them are able to become successful.

Our results show a satisfactory degree of coherence. Dealing with the
exploitation-oriented character of academic patents (Technological Closeness),
i.e. academics’ research contribution on familiar-to-the-firm technical fields, we
find again the presence of nuanced effects. There is a strong skewness of firms’
profit response on the right side, showing the presence of positive effects due to
idiosyncratic characteristics of industrial assignees or of academic patents. In par-
ticular when these academic patents are associated with some indicator of firm’s core
technological field-invention on which firms has positive expectations and invest
more- the mean of the profit response score is positive.

Finally, if managers are interested in identifying a positive relation between
academic patents and firm’s economic return, they have to look for complementing
the knowledge base in which firms have an advantage; more radical and distant
strategies bring a premium only in a few cases.

The approach we followed in this study presents some limitations. In particular,
RS are descriptive measures of the level of firm responsiveness and the long term
should be prolonged at a bit more than three years. However, we believe that this
work and its empirical approach can contribute to our understanding of the economic
effects of academic patents held by firms. Further works should try to assess the
robustness of our results, by giving relevance to effects’ heterogeneity as done in
this work.
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