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Chapter 0

Preface

The technological field of silica aerogel has caught the attention, in

the last years, of many firms, which have, therefore, invested in the

development and application of this nanotechnology. In our study, we

examine this field of research - which has seen a drastic increase in

the number of published patents - with a patents analysis. Because

patents are correlated with the innovation activity they can indicate

innovations. The main goal is the search of characteristics of inno-

vations that can increase the possibility of determining success and

creating value for the firms. We consider specifically the possibility of

creating successful innovations through the recombination of different

knowledge.

0.1 Structure of the thesis

In the first chapter, we propose an examination of the current lit-

erature on innovation, taking into account, specifically, the concept

of knowledge diversity and knowledge recombination. The analysis

of recent trends tend to consider the value of innovations related to

the ability of creating novelty in the combination of knowledge. This

novelty could be developed by the firm itself, “exploiting untapped
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knowledge synergies” (Karim and Kaul, 2015) through the structural

recombination of business units within the firm or exploring external

knowledge and integrating it with in-house knowledge, or could be the

product of an integrated collaboration networks.

The second chapter is the corner stone of the entire thesis and it

contains all our theoretical premises that allow us to answer our re-

search questions and to apply and verify our assumptions. In other

terms, in chapter 2 we introduce the fundamental theoretical and

methodological architectures of all our scientific research that could

be synthesized as:

• consideration of set of patents in technological areas;

• consideration of possibility to recombine different knowledge;

• existence of indexes that measure the recombination of different

knowledge and the novelty in the recombination;

• understand if the introduction of scientific knowledge brings in

the arena innovations that reveal successful.

In the third chapter, we analyze if the quality of an innovation

and its market value is positively associated to the firm’ ability of cre-

ating innovations through recombination of knowledges and how the

value of innovations changes in case of firm’ collaboration with other

partners. We explicitly distinguish collaborations between firms and

scientific partners, firms that operate in the same sector and firms that

operate in different technological sectors.

In the fourth chapter we analyze the effect, in the relationship

between the firms’ technological diversification and the innovation

6



performance outcomes, of the use of scientific knowledge in the de-

velopment of patented inventions. This analysis has been, therefore,

conducted at firm level.

In the fifth chapter we propose the conclusions of the thesis, with

an analysis of the contribution to the existing literature and of possi-

ble practical implications.

Finally, we propose an Appendix 1 with the original algorithms

written for deriving some technological characteristics of the sample

in thesis’ chapter 2 and the Appendix 2 with all the patents analyzed

in chapter 2, in order to assess reference for future studies.
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Chapter 1

The search of new

knowledge in the firm’s

innovation process: a

literature review

Abstract. We propose an examination of the current literature on

innovation, taking into account, specifically, the concept of knowl-

edge diversity and knowledge recombination. We analyze bibliometric

data using the software VOSviewer and we derive indications on the

principle analyzed research fields, where they come from and in what

directions they are going.

Keywords: co-citation analysis, keywords co-occurrence analysis, ci-

tation analysis, knowledge recombination, knowledge creation.
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1.1 Introduction

Innovation is essential for the survival, economic growth and success

of a firm. Moreover, according to the knowledge-based theory, suc-

cessful firms are those that continuously create new knowledge thanks

to which they are able to produce new technologies and products and

continuously innovate, obtaining competitive advantages on the mar-

ket. The search of new knowledge is, therefore, an activity strongly

sought by the firms.

In this chapter, we provide a review of the existing literature on in-

novation, taking into account specifically the recent concept of “knowl-

edge recombination”. This literature review is needed because the field

of innovation and management of knowledge is very large and requires

an analysis of different concepts that should be considered together

in order to find all the possible connections and evolutions between

the different research areas. At this aim, the bibliometric analysis

with the Vosviewer software allows to analyze a lot of bibliometric

data providing results of easy interpretation, thanks to the creation of

visualization maps, without the need to possess a deep knowledge of

clustering techniques.

Particularly, based on a co-citation analysis - at the level of cited

references - we will enumerate the principal managerial theories that

represent the scientific background from which our examination starts.

Based on a co-occurrence analysis - at the level of keywords - we will

determine the principal fields of research and how they are connected.

Finally, based on a citation analysis - at the level of documents -

we will suggest the future research directions on the search of new

knowledge in the firms’ innovation process.
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1.2 Methodology

In this chapter, we propose three different analysis and we present the

maps created by the software VOSviewer (version 1.6.15 – see Van

Eck & Waltman, 2010), displayed in different ways according to the

different aspects we want to emphasize. Specifically, we present a key-

word co-occurrence map, a co-citation map, and a citation-map.

The first map shows connections between keywords that appear to-

gether in the same document, the co-citation map shows connections

between references that are both cited by the same document while

the citation map shows connections between documents.

Bibliometric data have been extracted from the Web of Science

Core Collection 1. We search for terms such as ‘knowledge recombina-

tion’, ‘technological diversification’, ‘scientific diversification’, ‘knowl-

edge diversification’ or ‘breakthrough inventions’ in documents’ title,

abstract or keywords, considering no restriction on the years of pub-

lication. The results of the search contain 674 documents (articles,

conference proceedings, book chapters and book). Figure 1.1 shows

the total of the publications grouped by year and figure 1.2 show the

sum of times the publications have been cited per year.

1The search of documents could be replicated using the command line TOPIC: (”breakthrough
inventio∗” OR ”knowledge recombination” OR ”knowledge divers∗” OR ”scien∗ divers∗” OR ”tech-
nological divers∗”) Refined by: DOCUMENT TYPES: ( ARTICLE OR PROCEEDINGS PAPER
OR BOOK CHAPTER ) Timespan: All years. Indexes: SCI-EXPANDED, SSCI, A&HCI, CPCI-
S, CPCI-SSH, ESCI. Data have been extracted on September 12, 2020.
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Figure 1.1: Total publication by year

1.3 Results

1.3.1 Clustered and chronological analysis of key-

word co-occurrence

In the first analysis, items are keywords, related with co-occurrence

links. The strength of each link indicates the number of publications

in which two keywords occur together. The weight of a keyword rep-

resents its importance and keywords with a higher weight are shown

more prominently than others. The distance between two keywords

indicates their relatedness in terms of co-occurrence links. Every key-

word may belong to only one cluster and every cluster is represented

by a different color.

We here present two types of different visualization of the analysis

based on keywords co-occurrence, that are the network visualization
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Figure 1.2: Sum of times cited by year

and the overlay visualization. As we can see in figures 1.3 and 1.4, the

two visualization are identical except that keywords are colored in a

different way. In the network visualization keywords are grouped in

clusters of different colors, while in the overlay visualization keywords

are colored based on the average publication year of the document in

which a keyword occurs. The shape of the network can give us some

indications. Generally, items are displayed in the map showing clearly

separated and distant areas. Here, instead, the distribution is much

more concentrated, with the principal items of different clusters very

close to each other, indicating the strong relation between the research

topics.

Nevertheless, based on the keyword co-occurrence network visual-

ization, we can distinguish three clusters. We display only keywords

with a minimum number of occurrences of 10 times, that are 82 and
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we have excluded the keyword ‘diversity’ because of too general mean-

ing.

The most important keywords of the first cluster (in red) are per-

formance and knowledge diversity. This group includes WoS scientific

works that relate the innovation performance of a firm with the diver-

sity, understood as knowledge diversity. We speak also of knowledge

creation, knowledge transfer, collaboration, networks and science in-

dicating that diversity of knowledge can be obtained through collab-

orations with external bodies or between subunits of the same firm

or through the acquisition of scientific knowledge. This diversity of

knowledge can lead to the creation of new knowledge and impact for

the company.

The most important keywords of the second cluster (in green) are

technological diversification, innovation and knowledge. It contains

works that study the technological diversification of firms in relation

to innovation and growth, determining suggestions on the type of strat-

egy that a company should adopt (specialization or diversification).

Moreover, it is studied the role of knowledge recombination and relat-

edness - i.e diversify across related technological fields (see Breschi et

al., 2003). This type of study analyzes patents, mainly patent citations

and determines development of technological indicators.

The most important keywords of the third cluster (in blue) are

absorptive capacity, R&D, exploration, capabilities and performance.

It includes works that link firm’s innovation performance with ab-

sorptive capacity and that defined characteristics that influence this

capacity (R&D activity, exploration, exploitation, technological diver-

sity, strategic alliances).
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So, we can distinguish three very related fields: ‘knowledge diver-

sity’, ‘technological diversification’ and ‘absorptive capacity’.

An analysis of the overlay visualization, that shows keywords dif-

ferently colored according to the average year of keyword occurrence,

suggests that the more recent branch of research tends to consider

innovation performance as influenced by collaboration networks, ab-

sorptive capacity and knowledge recombination ability (see figure 1.5).

Figure 1.5: Particular of the overlay visualization

Indeed, networking is central to the innovation process, then the

ability to network, i.e. making use of external knowledge, using part-

ners to access complementary assets and managing the producer/user

relations, is a crucial capability.

17



So, key competencies are necessary, as well as competencies in re-

orienting them, transforming them and integrating them with external

complementary resources and assets.

1.3.2 Clustered analysis of references co-citation

In the second analysis, we construct a co-citation map at the level of

cited references. Items are references, related with co-citation links

that indicate connections with other references cited by the same doc-

ument. Also in this case, we present the network visualization (fig.

1.6), where the cited references are grouped in clusters2.

The bigger items in the map, representing the more cited refer-

ences, give indications on the principal managerial theories used as

theoretical background.

We can observe two clusters near each other (red and green) and a

distant cluster (blue). The red cluster refers to literature such as Co-

hen and Levinthal (1990), Kogut and Zander (1992), and Zahra and

George (2002), the green cluster refers to literature such as Nelson and

Winter (1982), March (1991), Fleming (2001), Rosenkopf and Nerkar

(2001), Ahuja and Lampert (2001) and the blue cluster refers to lit-

erature such as Granstrand (1998), Gambardella and Torrisi (1998),

Breschi et al. (2003), Garcia-Vega and (2006), Leten et al. (2007).

It is easy to associate the first cluster (red) with the cluster that

refers to the ‘absorptive capacity’ in the precedent keyword clustered

2For reasons of replicability, we report the setting parameters to generate the network visual-
ization in VOSviewer: Normalization method : Association strength; Layout values (Attraction vs
Repulsion): default attraction and repulsion values; Clustering values: Resolution = 1.00, Mini-
mum cluster size = 1.
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analysis. Indeed, in 1990, Cohen and Levinthal introduce for the first

time the concept of absorptive capacity (“a firm’s ability to recognize

the value of new, external information, assimilate it, and apply it to

commercial ends”), considering this ability as fundamental for the firm

innovation activity.

Later, Zahra and George (2002) distinguish ‘potential’ absorptive

capacity and ‘realized’ absorptive capacity, suggesting that both to-

gether are essential for the development of firm’s competitive advan-

tage in the market.

The green cluster can be associated with the ‘knowledge diversity’

concept and refers to the knowledge-based theory.

According to the knowledge-based theory of the firm, the knowledge

reveals the most strategically significant resource of a firm. Successful

firms are those that continuously create new knowledge, by which they

are able to produce new technologies and products. The “knowledge-

creating” firm has the sole purpose of continuous innovation.

Katila and Ahuja (2002) argue that firm creates new knowledge

in two ways: reusing its existing knowledge and exploring new knowl-

edge. Also March (1991) considers the relation between the “explo-

ration of new possibilities and the exploitation of old certainties in

organizational learning”.

Some recent studies show an increasingly difficult for firms to cre-

ate and exploit technological capabilities on their own and becomes

increasingly common for firms and organizations to acquire and use

external sources of knowledge and technology. Indeed, Rosenkopf and
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Nerkar (2001) affirm that “to move beyond local search requires that

exploration span some boundary”.

There exist also some difficulties and uncertainties in the firms

search for new knowledge. For instance, the dependence upon the

initial capabilities of the company, when a process of creating new

knowledge is triggered. Indeed “the existing capabilities of the firm

will likely dictate the direction in which the firm moves” (Kogut and

Zander, 1992).

And, also, the technological uncertainty that derives when “in-

ventors’ search processes with unfamiliar components and component

combinations” (Fleming, 2001). Indeed, it is not so clear to under-

stand how different knowledges deriving from external search could be

integrated for develop success.

Nevertheless, experimenting with novel, emerging and pioneering

technologies can help to improve the probability of creating break-

through inventions (Ahuja and Lampert, 2001).

The blue cluster can be associated with the ‘technological diversi-

fication’ concept and refers to the theory of technology-based firm.

This theory was born in 1998 with Granstrand’s article “Towards

a theory of the technology-based firm”, where he explored the phe-

nomenon of firm-level technological diversification finding the positive

relation with business diversification. The same result was confirmed

by Gambardella and Torrisi (1998) in their analysis on electronics

firms.
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Then several authors explored the impact of technological diversifi-

cation on financial performance (Miller, 2006) or on innovative activity

(Garcia-Vega, 2006; Leten et al., 2007), suggesting that diversification

is essential for a survival of technology-based firms (Suzuki and Ko-

dama, 2004) and the positive impact of diversification across fields

with common knowledge base (knowledge relatedness) in the firm’s

innovation activity (Breschi et al. 2003). Moreover, technological di-

versity may “mitigate core rigidities and path dependencies by enhanc-

ing novel solutions” (Quintana-Garcia and Benavides-Velasco, 2008).

Despite this evidence, a high level of diversification “may yield few

marginal benefits” (Leten 2007).

1.3.3 Chronological analysis of the document’s ci-

tations

In the third analysis, we construct a citation map at the level of doc-

uments. Items are documents, related with connections of citations

between documents. In this case, we present the overlay visualization

(fig. 1.7), where the documents are colored according to their year of

publication. We display only documents with a minimum number of

20 citations and that are related at least with one other document,

that are 75.

Thanks to this type of analysis, we can visualize the new research

directions, represented by the yellow items in the map (fig. 1.7) and

that we discuss in the following section.
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1.4 Discussion: new research directions

The first direction investigates the innovation among emerging mar-

ket firms based on the knowledge recombination view. Corredoira

and McDermott (2014) explored the important role of organizational

and institutional networks in helping local firms to integrate imported

advanced knowledge with local knowledge, while Xie and Li (2018)

examined the moderating role of institutional development of a firm’s

home region.

Another direction starts from the concept of firm’ recombinant cre-

ation ability – that is the ability to create technological combinations

new to the firm (Carnabuci and Operti, 2013) - and evolved with its

extension to the level of single invention instead of firm.

Indeed, it is now common consider an invention as ‘novel’ if it

develops a new combination of technological knowledge respect to all

the precedent inventions. Arts and Veugelers (2015), according to this

view, found that recombine familiar components in unprecedent ways

increase the probability to create useful and breakthrough inventions.

Finally, Jung and Jeongsik (2016) consider the direction of the

exploration of external knowledge, finding that successful inventions

are generated more frequently when firms search original knowledge

and incorporate it into internal R&D.

1.5 Conclusions

In this chapter, we have provided a review of the existing literature

on innovation, taking into account specifically the recent concept of
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“knowledge recombination”.

Based on a co-occurrence analysis - at the level of keywords - we

determined the principal fields of research and how they are connected.

Specifically, we have distinguished three very related fields: the ‘knowl-

edge diversity’, the ‘technological diversification’ and the ‘absorptive

capacity’. The shape of the network shows a very concentrated distri-

bution, with the principal items of different clusters very close to each

other, indicating the strong relation between the research topics.

Based on a co-citation analysis - at the level of cited references -

we enumerated the principal managerial theories that represent the

scientific background from which our examination have started. In

particular, the ‘knowledge diversity’ concept refers to the knowledge-

based theory, the ‘technological diversification’ concept refers to the

theory of technology-based firm and the ‘absorptive capacity’ concept

arises from its definition in the work of Cohen and Levinthal (1990).

Finally, based on a citation analysis - at the level of documents - we

analyzed the future research directions on the search of new knowledge

in the firms’ innovation process. The recent trends tend to consider

the value of innovations related to the ability of create novelty in the

combination of knowledge. This novelty could be developed by the

firm itself, “exploiting untapped knowledge synergies” (Karim and

Kaul, 2015) through the structural recombination of business units

within the firm or exploring external knowledge and integrating it

with in-house knowledge, or could be the product of an integrated

collaboration networks.
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1.6 Appendix: Terms per cluster & Cited

references per cluster

1.6.1 Terms per cluster

Cluster 1 (33 items): collaboration; collaboration networks; com-

petition; creativity; demography; design; economics; embeddedness;

firm; heterogeneity; impact; information; integration; knowledge cre-

ation; knowledge diversity; knowledge transfer; management; model

network; networks; open innovation; organization; organizations; per-

formance; perspective; power; product development; productivity; sci-

ence; social networks; structural holes; technology; work.

Cluster 2 (26 items): china; determinants; diversification; dy-

namics; emergence; entrepreneurship; evolution; firms; growth; in-

dicators; industry; innovation; knowlegde; knowledge recombination;

knowledge spillovers; patent citations; patents; patterns; relatedness;

search; specialization; spillovers; system; systems; technological diver-

sification; variety.

Cluster 3 (21 items): absorptive capacity; absorptive-capacity;

alliances; biotechnology; capabilities; competitive advantage; corpo-

rate diversification; dynamic capabilities; empirical-analysis; exploita-

tion; exploration; firm performance; innovation performance; local

search; market value; moderating role; network structure; research-

and-development; resource-based view; strategic alliances; technolog-

ical diversity.
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1.6.2 Cited references per cluster

Cluster 1 (37 items):

1. ”ahuja g, 2000, admin sci quart, v45, p425,

doi 10.2307/2667105”

2. ”ahuja g, 2001, strategic manage j, v22, p197,

doi 10.1002/smj.157”

3. ”baum jac, 2000, strategic manage j, v21, p267,

doi 10.1002/(sici)1097-0266(200003)21:3¡267::aid-smj89¿3.0.co;2-

8”

4. ”burt r., 1992, structural holes soc”

5. ”burt rs, 2004, am j sociol, v110, p349,

doi 10.1086/421787”

6. ”cassiman b, 2006, manage sci, v52, p68,

doi 10.1287/mnsc.1050.0470”

7. ”chesbrough h.w., 2003, open innovation new”

8. ”cohen wm, 1990, admin sci quart, v35, p128,

doi 10.2307/2393553”
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Chapter 2

Are technological novel

inventions successful?

A patent analysis in the

silica aerogel sector

Abstract. The technological field of silica aerogel has caught the

attention, in the last years, of many firms, which have, therefore, in-

vested in the development and application of this nanotechnology. In

our study, we examine this field of research - which has seen a drastic

increase in the number of published patents - analyzing all the patents

from 2006 to 2018. We here propose an ex-ante measure of scientific

diversification of a patent indicating the diversity of scientific knowl-

edge sources used as background in the construction of a patent. The

empirical findings of this study provide new evidence that the use

of different scientific knowledge helps in the generation of novel in-

ventions and improves the ability of create successful inventions. At

the same time, as consequence, helps mitigate the risks associated

to radical innovation projects that are related to the uncertainty in
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obtaining success in the recombination of knowledge across domains.

A discussion of managerial implications and drawbacks ends the study.

Keywords: knowledge recombination, technological novelty, scien-

tific diversification, patent analysis.

2.1 Introduction

In the modern economy, innovation is essential for the survival, eco-

nomic growth and success of a firm; however, in the road to achieve

innovation, firms should take in account that uncertainty always ex-

ists.

Particularly, accomplishing a radical innovation is a very risky ac-

tivity, in which earnings can be large but very uncertain. Despite this,

many firms invest in trying to develop radical innovations to achieve

and maintain competitive advantage.

Radical innovation projects differ from incremental innovation ones

mainly in terms of time frame, since the cycles are longer and more

unpredictable, with greater uncertainty about resources, while incre-

mental innovations tend to be realized over a shorter time period. Fur-

thermore, they differ in the outcome they want to achieve, in terms

of the impact of the new technology/product on the market and the

expected benefits.

One of the risks linked to radical innovations (see Keizer and Hal-

man, 2007) is represented by the uncertainty outcome, which is asso-

ciated with the gap between available and required skills, knowledge

and experience.
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Usually, some firms focus on core technology and search for inno-

vation following established paths, with less risks thanks to the explo-

ration of fields close to the field of the existing business activities. On

the contrary, other firms tend to explore external fields and acquire

knowledge from outside in order to develop new and successful prod-

ucts, going to meet greater risks.

It is easy to conject that recombination across domains is in fact

the source of the uncertainty because it is unclear whether knowledge

from distinct domains can be successfully integrated (see for instance

Fleming, 2001).

In this respect, in this work, we desire to show how the increase

in the pool of scientific knowledge of a patent’s inventors increases

the probability of creating successful innovations when recombining

knowledges across domains and, therefore, helps mitigate the risks as-

sociated to radical innovations.

To do this, we consider a sample of patents concerning a new nano-

material applied in several technological fields and that would seem to

be promising for the development of successful innovations.

Our contribution to the extant literature regards a more compre-

hensive understanding of the features of patents that may influence

the generation of successful inventions.

2.1.1 Theory and background

In trajectories theory, Christensen and others define a radical change

as an invention that “launches a new direction in the technology”
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(Christensen and Rosenbloom, 1995) and “disrupts or redefines a per-

formance trajectory” (Christensen and Bower, 1996), while an in-

cremental invention “makes progress along established path” (Chris-

tensen and Rosenbloom, 1995).

Rosenberg and Nekar (2001, p. 290) argue that a “‘radical’ ex-

ploration builds upon distant technology that resides outside of the

firm. The technological subunit utilizes knowledge from a different

technological domain and does not obtain that knowledge from other

subunits with the firm.”

So, in order to get radical innovations, a firm (or, more precisely,

a team of inventors) should possess the ability to take knowledge

from the outside and use and recombine that knowledge with internal

knowledges for create new discoveries. In this respect, some studies

associate the characteristic of technological novelty - that is novelty

in the recombination of technological domains - to radical innovations

(Arthur, 2007; Verhoeven et al, 2016) even though not all technolog-

ically novel inventions will result in successful innovations (Fleming,

2001).

Literature shows that by exploring and recombining across tech-

nological domains, firms increase the possibility of generating break-

through inventions (Ahuja and Lampert 2001; Katila and Ahuja 2002).

2.1.2 Motivation and gap

Recently, Jung (2019) suggests that not only recombination across

boundary but also sources of recombined technologies may affect the

outcomes of firm’s exploration. He finds, in a nanotechnology sec-
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tor, that recombining university-developed technology increases the

likelihood of generating a breakthrough invention, while recombining

firms-developed technology decreases this likelihood. The motivation

is that technologies developed by university reflect the focus on basic

science coming from university research.

It seems reasonable to think that the use of knowledge coming

from basic science may take to a better recombination of technological

knowledge and may positively influences the generation of successful

inventions (highly valuable inventive outcomes), especially if knowl-

edge comes from different scientific fields.

In particular, also if it is not demonstrated in the literature a direct

relation between use of scientific source of knowledge and development

of successful inventions, cited scientific references has been considered

as an important source of background information and inspiration for

the inventors (Callaert et al., 2014).

Gruber et al. (2012) examine how individual-level characteristics

of inventors affect the breadth of their technological recombinations

suggesting that a thorough understanding of science may help inven-

tors in identifying and assimilating knowledge elements in more distant

technology domains.

The gap we find in literature is associated to the missing accu-

rate analysis concerning the incidence of the use of different scientific

knowledge in the value of an innovation, while many empirical studies

have analyzed only the effect of the recombination across technological

domains, at patent level (Gosh et al., 2009; Moaniba et al., 2018) or

at firm level (Gambardella and Torrisi, 1998).
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2.1.3 Contribution to existing literature

A core interest in the literature on innovation is understanding how

firms may tap into new technological domains in order to achieve suc-

cessful innovations. Literature on innovation strategy has increasingly

highlighted the vital role of cross-disciplinary knowledge and knowl-

edge recombination across different domains in the development of

important inventions.

However, the majority of the studies rely only on technological

knowledge dimension. For instance Moaniba et al. (2018) analyze the

cross-disciplinary knowledge only considering a technological point of

view, finding a strong positive relationship of recombination of tech-

nologically diverse knowledge with the technological value of an inven-

tion. Rosenzweig (2016) finds that diversified technology knowledge

and diversified country knowledge are both positively associated with

the impact of technological innovation.

Our contribution to the extant literature on innovation regards the

analysis of both scientific and technological dimension together when

a firm recombine knowledge across distinct domains. So we analyze

the effect of simultaneously relying on technological and scientific di-

versification in the development of successful and novel inventions.

At the same time, we contribute also to the scientific debate about

the topic of the assessing the novelty of radical innovations, developing

an ex-ante patent indicator of diversification of scientific knowledge

that we will find to be strongly linked to the technological novelty of

an invention.
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2.1.4 Research questions

Following the precedent literature, our preferred conceptualization of

‘radicality’ picks up novelty, but theoretical discussions mainly re-

volves around innovations with an exceptional value to firms.

In this regard, it is important to distinguish between the novelty

of an innovation and its value. These two dimensions represent differ-

ent concepts and often do not go to the same direction: incremental

inventions that tend to have large value and novel inventions that fail

to create any value.

It seems to be interesting to specifically analyze how relying on

diverse knowledge sources correlates to novelty, value and value con-

ditional on novelty. The latter would reflect whether novel solutions –

plausibly brought on by relying on diverse knowledge – are successful.

Our purpose is testing the idea that diverse scientific knowledge

improves the quality of search. The hypothesis is that relying on di-

verse scientific knowledge would increase the probability of obtaining

valuable inventions, which in turn decreases the risk implied by novel

recombination.

From that follows the research questions.

1. Does the diversification of scientific knowledge sources influence

the technological novelty of an invention?

2. Does diversification of scientific knowledge sources have positive

effect on the value of an invention?

3. Do technological novel inventions tend to be successful?
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To test these claims, we explicitly distinguish, in patented inven-

tions, between the dimension of novelty and impact and verify if novel

inventions tend to create value. Another possible way, that will be

considered in further research, would be to explicitly analyze the vari-

ance of the value distribution implied by certain characteristics of an

invention (see Fleming, 2001).

2.2 Methodology

2.2.1 Patent analysis and innovation indicators

In the past 30 years, a common way for evaluate the effect of different

technological characteristics on product or firm success (Reitzig, 2003)

has been represented by the analysis of patents portfolio. Patents are

correlated with the innovation activity (Acs et al., 2002), so they can

indicate innovations. Patents have become an important metric in

the innovation literature thanks to the easy availability of patent ci-

tations. Citations on patents arise from rigorous procedures to ensure

that appropriate citations are issued and a focal patent cites previ-

ous patent only when there is a legitimate reason to cite the previous

patent’s intellectual property; accordingly, many scholars have car-

ried out empirical investigations on patents to determine technologi-

cal characteristics of innovations (Arts et al., 2013; Arts and Fleming,

2018; Arts and Veugelers, 2014; Verhoeven et al, 2016; Veugelers and

Wang, 2019).

A review on innovation indicators is provided in Dziallas and Blind

(2019) and Adams et al. (2006).

To obtain indicators of the quality of an invention the number of
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forward citations has been used, i.e. the number of times a patent is

cited by other patents. This number indicates the impact a patent

has had in an industry (Albert et al., 1991) and the value of an inven-

tion (Trajtenberg, 1990), but provide no idea of whether the impact

is due to the invention’s technical content being radical. Incremental

inventions, indeed, could receive many forward citations.

Katila (2000) found that short citation lags may not properly cap-

ture the value of innovations, and that radical innovations tend to be

cited later than incremental. The use of forward citations, so, needs

to consider a large enough time period after the publication of the

patent for an ex-post innovation assessment.

For what concerns the radicality of an invention, Rosenkopf and

Nerkar (2001) measure the degree of radicality showing how incremen-

tal patents are often more narrowly cited within a certain domain of

patents and radical patents are often cited by multiple domains of

patents.

Moreover, they claim that radical inventions will be more likely to

cite patents from other patent classes than from the class to which

the radical invention belongs. Accordingly, Shane (2001) measures

the radicality of a focal patent as the number of three-digit patent

classes its cited patents belong to, excluding its classes (based on the

International Patent Classification). This analysis is faced using the

backward citations to patent references, that are patents cited by the

focal patent.

This measure implies that patents that do not cite previous patents

possess zero radicality, which is at odds with Ahuja and Lampert
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(2001) that think that radical inventions are properly those that arise

from no previous technology.

A recent method for assessing the radical nature of an innovation

consists in measuring the novelty, obtained by the focal patent, in

the recombination of technological knowledge with respect to previous

innovations. In this regard, Verhoeven and co-authors propose an

indicator that considers novelty in recombination of knowledge as ex-

ante measure of technological novelty with “the potential to drive

radical technological change” (Verhoeven et al., 2016).

2.2.2 Analysis

In our work, the analysis unit is not the firm but the single invention.

Moreover, the analysis is not restricted to firms, but all the existing

patents of firms and universities and research centers that develop or

use the same chosen nanotechnology in a certain reference period are

considered.

We conduct three different analysis. Firstly, we analyze whether

the diversification of scientific knowledge sources used to build the sin-

gle patent influences the probability of obtaining technological novelty

in the combinations of knowledge. This novelty is a feature of radical

innovations, which are a goal strongly sought by companies to obtain

large gains and positions of competitive advantage in the market. Sec-

ondly, we analyze if such scientific diversification - together with the

technological diversification - influences the value of the invention. Fi-

nally, we evaluate if novel inventions tend to be successful.

This analysis could lead to better understand the features of patents

that may drive the generation of value.
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Specifically, in our study, to evaluate the value of an invention the

forward citations are counted, to evaluate the novelty in the combina-

tions of knowledge, the pairs of subclasses and sub-groups according

to the IPC classification assigned to the single patent are compared,

while the backward citations are analyzed to assess the diversification

of the knowledge considered in constructing the patent. These cita-

tions refer to the patents and scientific literature used to build the

focal patent and therefore represent both technological and scientific

knowledge.

Technological novelty

In 2016, Verhoeven and co-authors proposed an indicator as ex-ante

measure of technological novelty with “the potential to drive radical

technological change” (Verhoeven et al., 2016).

Based on Verhoeven et al. (2016) new concept of novelty in the

combination of technological knowledge as radicality measure, in our

study, we examine the pairwise combinations of technological sub-

classes and sub-groups (according to the IPC-codes assigned to every

patent) and, we calculate the novelty as a count of the new pairs of

technological knowledge with respect to all the pairs ever combined by

all previous patents which focus in the new technology of silica aero-

gel. We consider, compared to Verhoeven et al. (2016), also a more

fine-grained level for the evaluation of technological novelty that is

the sub-group level, which seems also appropriate given the fact that

a rather narrow technological field is studied.

This procedure requires that a patent belong to at least two differ-

ent technological subclasses or sub-groups in order to obtain at least
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a couple of different technological domains.

Diversity index

This study measures the diversity of used technological and scientific

knowledge sources through an entropy-based measure (Palepu,1985),

that is the Shannon-Wiener diversity index (Magurran and McGill,

2011).

Entropy-based indicators have been largely used in literature as

indicators for technological diversity. Carnabuci et al. (2013), for in-

stance, measure inventor’s knowledge diversity using Teachman’s en-

tropy index and Appio et al. (2019) measure patent portfolio diversity

using Shannon-Wiener entropy index.

A diversity index is a mathematical measure of species diversity in

a community. The diversity indices don’t simply count the number of

different species but take in account the relative abundances of differ-

ent species.

We determine two diversification indices for each patent analyzed,

showing the diversification of the sources of knowledge with which the

patent has been built.

Specifically, we distinguish two main knowledge bases, the one

linked to technological knowledge (assessed through patent references,

PRs), and the other linked to scientific knowledge (assessed through

non-patent references, NPRs) (Callaert et al., 2006).
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The Shannon index is calculated using the following equation:

H ′ = −
∑
i

pi ln(pi) (2.1)

where pi represents the proportion of the i-th species and is defined as

pi = ni/N

where

• ni represents the number of times the i-th species appears in the

references cited by the patent for which H ′ is calculated;

• N represents the number of times all the species appear in the

references cited by the patent for which H ′ is calculated.

The diversity measure is summed across all the different species in

equation (2.1). In our study, the species are the categories of the WoS1

core collection for the evaluation of diversification of non-patent ref-

erences, and the sub-classes and sub-groups of the IPC 2 classification

for the evaluation of diversification of patent references.

Variables of the analysis

Dependent variables. We calculate the novelty in the recombina-

tion of knowledges as the number of pairwise sub-class and sub-group

combinations of a patent that appear for the first time in the group of

patents that refer to the field of silica aerogel (our sample). To do so,

1ISI Web of Science database covers a large share of the scientific journal literature in many
scientific disciplines. Every journal and book covered by Web of Science core collection is assigned
to at least one of the 258 subject categories (https://images.webofknowledge.com/images/
help/WOS/hp\_subject\_category\_terms\_tasca.html).

2The IPC has a systematic and hierarchical structure. Classification becomes more detailed
with every further (sub)division. In order we have classification for section, class, subclass, group
and subgroup (see https://www.wipo.int/classifications/ipc/en/).
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each pairwise combination of sub-classes and sub-groups is compared

with all pairwise combinations of all prior patents in the field. We

have proposed the comparison with the prior patents in this specific

field of nanotechnology and not a comparison with all prior patents

in all fields of technologies (Fleming et al., 2007; Jung and Jeongsik,

2016, Verhoeven et al., 2016) because we are analyzing a new nano-

material. So, a new combination of technological domains created in

producing or applying the specific new nanomaterial represents itself

a good measure of novelty in an invention. Furthermore, in this way,

we can find a greater percentage of patents with at least one new pair

of technological knowledge and this is useful for the analysis, since the

number of patents considered in the study is not very large due to the

recent interest in patent publications on this nanomaterial.

Moreover, we calculate the patent value by forward citations as

the number of times a patent is cited by other, later, patents. We dis-

tinguish between non-self and self forward citations, evaluating if the

citations received come only from other assignees/applicants or also

from the same assignee/applicant that have developed the patent. For-

ward citations are positively related to the economic value of a patent

and the impact of an invention and indicate whether an invention has

been successful (in terms of satisfaction of market demand or pos-

sibility to develop competitive advantage). The number of non-self

forward citations, particularly, allow to understand the importance of

a patent for the competitors in the market.

Independent variables. For each focal patent, we calculate:

• the diversification of cited patent references as an index H ′PR1,

based on an entropy measure of diversity, that reflect the degree

of diversification of the cited patents, at level of sub-groups,
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based on the International Patent Classification.

• the diversification of cited patent references as an index H ′PR2,

based on an entropy measure of diversity, that reflect the degree

of diversification of the cited patents, at level of sub-classes,

based on the International Patent Classification.

• the diversification of cited non-patent references as an index

H ′NPR, based on an entropy measure of diversity, that reflect

the degree of diversification of scientific area of knowledge of the

cited scientific literature 3.

Control variables. In implementing the empirical analysis to

test the idea, we try to control for many potential covariates of novel

recombination and value of an invention at various levels (inventors,

technology field, time, firm/assignee and claims).

Inventors. Because scientific diversification might correlate to char-

acteristics of inventors that also affect the novelty, we added the num-

ber of inventors.

Technological field. To control for the effects, in novelty and value,

of various technological fields of application of the specific nanotech-

nology, we included the main section variable (accordingly to the IPC

classification).

Year. When using the number of forward citations as a measure of

value, it is important to consider a ‘citation window’ to make patents

3The classification is based on the WoS core collection and the scientific documents considered
in the evaluation of scientifically knowledge source are based on Callaert (2006) identification of
scientific literature, based on which journal articles, conference proceedings, books, and reference
books/databases can be considered ‘science at large’, while industry-related and patent-related
documents can be seen as technology at large.
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across years comparable. This citation window is, in literature, rec-

ognized to be as 5 years after the publication of a patent. Otherwise,

the number of citations received will strongly correlate to the ‘age’ of

the patent. Our sample presents inventions patented in the temporal

range 2006-2018. As it is not possible to respect, for recent patents,

the time frame foreseen, we included the variable year to control the

temporal effects of the age of the patents.

At the same time, the age of the patent might relate also to the

novelty, because, as the technology has emerged during the time pe-

riod considered, we would expect that the ‘novelty’ evolved relatively

more in the early years.

Assignee. We included the firm dummy variables to account for

heterogeneity in technological recombination capabilities. This vari-

able assumes the value 0 if the assignee is a firm or 1 if the assignee

is not a firm (i.e. universities, research centers).

Claims. To control for the effect of patent claims on the novelty

and the value of an invention, we added the number of claims. Claims

of a patent define which subject-matter is protected by the patent

and we expect that this number should be related with our dependent

variables.

For a robustness check analysis, we consider, also, the following

variables:

• the patent backward citations as the number of patents cited by

the focal patent, and

• the non-patent backward citations as the number of scientific

documents cited by the focal patent.
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The above values of number of citations are also used in the mea-

surement of quality of innovations and represent different concepts re-

spect to the diversity indices. They only count the number of citations

to previous references but does not consider whether these citations

belong to the same or different technological or scientific area of knowl-

edge. The index of diversification, instead, implicitly is related to the

number of cited references, but assumes the maximum value when the

focal patent cites patents that all belong to different domains and de-

creases when the domains of the cited patents are similar.

In Table 2.1 we present the summary of the variables.

2.3 Material

We want to explain, now, why we consider, in our study, nanotech-

nology and why, specifically, the silica aerogel technology. Nanotech-

nology is considered an “emerging general-purpose technology that

promises mass applications in many sectors” (e.g., Roco 2011, Jung

2019). Given the application in many technological fields and in many

sectors, it is reasonable to think that many new combinations of tech-

nological knowledge will be developed.

In addition, the field of nanotechnology generally produces many

successful (highly cited) innovations. This circumstance is important

for our analysis, as many patents usually receive little or no citation.

We study silica aerogel because it is an emerging nanotechnol-

ogy and we expect that, like similar nanomaterials in the past (i.e.

graphene and carbon nanotubes), could generate successful inventions.
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Table 2.1: Summary Statistics

Variable Description Mean Std. Min. Max.
Dev.

Patent value n. of times a patent 1.44 3.55 0 25
(self) is cited by other patents
Patent value n. of times a patent 1.11 2.77 0 17
(no-self) is cited by other patents

excluding self-citations
Novelty n. of pairwise subclass 1.40 6.70 0 65
(sub-class) combinations of a patent
Novelty n. of pairwise 6.27 35.83 0 350
(sub-group) sub-group combinations

of a patent
Diversification index of diversification 0.82 0.88 0 2.97
of cited patent at of the cited patents
sub-classes level based on the IPC
Diversification index of diversification 1.54 1.48 0 5.05
of cited patent at of cited patents
sub-groups level based on the IPC
Diversification index of diversification 0.32 0.70 0 2.49
of cited of the cited scientific
non-patent references

based on the WoS
Backward Number 4.10 8.54 0 56
cit. patents of patents cited by

the focal patent
Back cit. Number of scientific 3.08 11.78 0 75
non-patents documents cited by

the focal patent
Claims Number of claims 12.81 10.71 0 76

of the focal patent
Inventors Number of inventors 3.05 1.74 1 9

of the focal patent

Aerogel is a nano-porous super-insulating material, that consists of

a foam-like network of molecules that is 99.8% air. Silica aerogel pos-
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sesses excellent physical and thermal insulating properties: it is the

lightest solid material known with high temperature stability, very

low dielectric constant and high surface area. This nanostructured

material is aimed at the markets of oil and gas sector, thermal and

acoustic insulation industry, construction sector, healthcare industry

and aerospace industry.

Silica aerogel tech has seen an incredible increase in number of

published patents and that demonstrate the growing interest of firms

and universities in such an investment, also because a material with

all these excellent properties may be applied in the innovation of many

technological sectors.

Our sample is composed by 97 focal patents, grouped to the level

of patent families. Patents are selected to be part of the ‘silica aerogel

technology’ by searching for keywords silica aerogel/silica aerogels in

patent’s title and abstract, using the QPat database. All patents with

publication date between 2006 and 2018 have been considered, not

restricted to firms as assignee. The principle assignees are L’Oreal,

LG Chem, Aspen Aerogel, Panasonic, IBM, MIT, NASA.

The patents in the sample belong to 115 different sub-groups and

40 different sub-classes of technological domains, according to the IPC,

with a basin of 697 backwards citations between technology and sci-

ence. Particularly, patent references are 398 and belong to 857 differ-

ent sub-groups and 99 different sub-classes of technological domains,

while non-patent references are 299 and belong to 32 different area of

scientific knowledge, according to the WoS classification.
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2.4 Results

In Table 2.2 is presented the correlation matrix, where we show the

correlation between the diversification index of patent references (clas-

sified at sub-classes HPR1 and sub-groups HPR2 level), the diversifica-

tion index of non-patent references HNPR, the number of cited patents,

the number of cited non-patents, the novelty (classified at sub-classes

and sub-groups level) and the patent value (with and without self-

citations).. We can see that the novelty (classified at sub-classes and

sub-groups level) is very correlated to the value of the patent. This

indicates that, in our sample, technological novelty of an invention,

that is the novelty in the recombination of knowledge, is positively

associated to the possibility of obtaining gains and acquiring value

(from the sale of the new product or technology in the market or for

the intellectual rights of the invention).

The independent variables of our analysis will not be analyzed all

simultaneously but in different regressions in order to obtain different

considerations.

We used the negative binomial regression for a non-negative count-

ing outcome both for the technological novelty and the value of a single

invention. Because the dependent variables exhibit overdispersion, we

prefer the negative binomial regression respect to the Poisson regres-

sion. Moreover, the assumption of independence of event counts is

respected.

Errors have been clustered by patent main technological field of

application (at section level), given the great influence of a field in the

possibility of creating novelty and/or technological impact.
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Table 2.2: Correlation matrix.
H

P
R

1
H

P
R

2
H

N
P
R

B
ac

k
.

B
ac

k
.

N
ov

el
ty

N
ov

el
ty

V
al

u
e

V
al

u
e

n
on

-p
at

.
(s

u
b

-c
la

ss
)

(s
u

b
-g

ro
u

p
)

(s
el

f)
(n

on
-s

el
f)

H
P
R

1
1.

00
00

(s
u

b
-c

la
ss

)
H

P
R

2
0.

88
84

1.
00

00
(s

u
b

-g
ro

u
p

)
H

N
P
R

0.
47

22
0.

44
20

1.
00

00
B

ac
k
.

0.
59

43
0.

64
53

0.
34

67
1.

00
00

C
it

.
p

at
.

B
ac

k
.

C
it

.
0.

36
32

0.
31

64
0.

69
22

0.
35

10
1.

00
00

n
on

-p
at

.
N

ov
el

ty
0.

28
63

0.
26

33
0.

34
27

0.
49

19
0.

33
92

1.
00

00
(s

u
b

-c
la

ss
)

N
ov

el
ty

0.
24

70
0.

23
18

0.
30

55
0.

47
02

0.
32

04
0.

99
23

1.
00

00
(s

u
b

-g
ro

u
p

)
V

al
u

e
0.

34
62

0.
34

45
0.

30
31

0.
40

17
0.

46
30

0.
68

78
0.

67
67

1.
00

00
(s

el
f)

V
al

u
e

0.
35

12
0.

26
89

0.
32

72
0.

33
82

0.
48

00
0.

60
50

0.
58

86
0.

92
03

1.
00

00
(n

on
-s

el
f)

59



In Table 2.3 and 2.4, we present the regressions with the novelty

as dependent variable.

In regression (1) we consider only control variables, then we add

technological diversification at two levels (regressions (2) and (3)).

Both are significant and positively associated to the technological nov-

elty but technological diversification at sub-class level has a greater

effect (0.73 instead of 0.37).

It is possible to think that the second level of diversification gives

information on technological diversification that is too specific and less

contributes to technological novelty.

When we add the scientific diversification (regression (4)), we find

that scientific diversification strongly and significantly contributes to

the dependent variable, much more than technological diversification.

Moreover, scientific diversification remains significant and with high

coefficient when we consider scientific and technological diversification

together (regressions (5) and (6)), while technological diversification

is not significant. The year very little contributes in technological

novelty and seems, also with low significance, that firms produces less

technological novelty than universities and research centers.

Similar results come from the analysis, when technological novelty

at sub-groups level is considered, with the exception that the number

of inventors always appears very significant and positively associated

to the new recombination of knowledge.

60



Table 2.3: Regression with the novelty at sub-class level as depen-
dent variable. Robust standard errors in parentheses, clustered by
technological domain. +p < 0.1;∗ p < 0.05;∗∗ p < 0.01;∗∗∗ p < 0.001.
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Table 2.4: Regression with the novelty at sub-group level as depen-
dent variable. Robust standard errors in parentheses, clustered by
technological domain. +p < 0.1;∗ p < 0.05;∗∗ p < 0.01;∗∗∗ p < 0.001.
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For answer to the second research question, we regress putting

patent value as dependent variable, both including and excluding the

self-citations. In Table 2.5 and 2.6, we present the results. We can see

that the scientific diversification strongly influences the patent value,

measured by counting the number of forward citations, both includ-

ing and excluding the self-citations (regressions (4-6), (10-12)). Its

effect even exceeds that given by technological diversification and, in

the second case, the significance of its coefficient is very high. The

technological diversification at sub-groups level, also as in the novelty,

affects less than technological diversification at sub-class level.

These results show that the scientific diversification is a good pre-

dictor not only of the probability of creating technological novelty in

the combination of knowledge but also of the impact obtained ex-post

by the innovation.

In all the regressions, we can see that the publication date has

a significant impact on forward citations and, as expected, the for-

ward citations decrease from 2006 to 2018. The number of claims is

significantly and negatively related to the value when we exclude self-

citations. This circumstance could be explained by the less interest

of the competitors in the development of a technology/product with

many claims.

Appears evident a difference between firms and non-firms when we

include or exclude the self-citations in the counting of patent value.

Firms tend to possess, in average, more citations respect to non-firms

when we include the self-citations (+0.65 instead of +0.09), as we

show in regressions (1) and (7) with only control variables.
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Table 2.5: Regression with the value, evaluated considering the self-
citations received by the patent, as dependent variable. Robust
standard errors in parentheses, clustered by technological domain.
+p < 0.1;∗ p < 0.05;∗∗ p < 0.01;∗∗∗ p < 0.001.
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Table 2.6: Regression with the value, evaluated excluding the self-
citations received by the patent, as dependent variable. Robust
standard errors in parentheses, clustered by technological domain.
+p < 0.1;∗ p < 0.05;∗∗ p < 0.01;∗∗∗ p < 0.001.
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Moreover, it is important to underline that, for equal scientific

diversification adopted in the creation of patents, firms receive on av-

erage more forward citations than non-firms. This result could lead,

especially for firms, to a greater use of scientific knowledge that will

directly or indirectly influence the creation of valuable patents.

In Table 2.7 and 2.8, we analyze if novelty positively affects the

value of an invention and so if novel inventions tend to be success-

ful. We propose the analysis with the novelty measured at sub-class

level, but similar results come from the sub-group level. Regressions

(1) and (7) shows the significant and positive relation between novelty

and value (both including and excluding self-citations). The results of

other regressions are very similar to these reported in Table 2.5 and

2.6. We show, moreover, that patent value, conditional on novelty, is

correlated with the diversification of both technological and scientific

knowledge.

We want to underline that all the coefficients of novelty in Table

2.7 and 2.8 indicate the influence on the patent value when the novelty

increase of 1 unit, that is if one new pair of technological knowledge is

created. Even if these coefficients could appear small respect to those

of the diversity, the variables are not homogeneous and so not com-

parable. In order to compare their effects, they should be normalized

respect to their maximum value.

2.4.1 Robustness check

We want to consider an additional analysis with the number of back-

ward citations to patent and non-patent references instead of the di-

versification indices.
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Table 2.7: Regression with the value, evaluated considering the self-
citations received by the patent, as dependent variable conditional on
novelty. Robust standard errors in parentheses, clustered by techno-
logical domain. +p < 0.1;∗ p < 0.05;∗∗ p < 0.01;∗∗∗ p < 0.001.
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Table 2.8: Regression with the value, evaluated excluding the self-
citations received by the patent, as dependent variable conditional on
novelty. Robust standard errors in parentheses, clustered by techno-
logical domain. +p < 0.1;∗ p < 0.05;∗∗ p < 0.01;∗∗∗ p < 0.001.
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Citations to prior art have been used in literature as a measure of

technology search and the process of transfer of knowledge from science

to technology, respectively. Particularly, citations to non-patent refer-

ences have been found indirectly linked to the value, being considered

as an important source of background information for the inventors

(Callaert et al.,2014).

Table 2.9: Robustness check. Robust standard errors in parenthe-
ses, clustered by technological domain. +p < 0.1;∗ p < 0.05;∗∗ p <
0.01;∗∗∗ p < 0.001.

Novelty Novelty Value (Value)
(sub-class) (sub-group) (no-self) (self)

(1) (2) (3) (4)
Backward 0.0610* 0.0621+ 0.0291* 0.0334
cit. pat. (0.0262) (0.0364) (0.0132) (0.0258)
Backward 0.0107 0.0046 0.0283*** 0.0249**
cit. non-pat. (0.0177) (0.0324) (0.0070) (0.0072)
Claims -0.0119 -0.0063 -0.0263*** -0.0101

(0.0222) (0.0169) (0.0064) (0.0277)
Inventors 0.0352 0.1787*** 0.2894 0.2186

(0.0766) (0.0462) (0.1802) (0.1426)
Assignee 0.4797+ 0.8237 -0.4809* -1.0770***

(0.2698) (0.5515) (0.2430) (0.1843)
Year -0.0445 0.0241 -0.4326*** -0.5166***

(0.0693) (0.0335) (0.0254) (0.0642)
Constant -0.7077 -0.9704 3.0485** 4.8895***

(1.040) (0.8590) (0.9360) (0.5974)
Log pseudolik. -107.43 -174.39 -88.67 -100.11
Prob > chi2 0.0000 0.0000 0.0000 0.0000

As we can see in Table 2.9, while the citations to non-patent ref-

erences are significant and positive related to the patent value (re-

gressions (3) and (4)), we could say nothing about their influence in

the novelty (regressions (1) and (2)). The scientific diversification,

instead, influences both the novelty and the value of a patent.
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2.5 Discussion

We propose a discussion of the results, following the previous research

questions. In particular, we have specifically analyzed how relying on

diverse knowledge sources correlates to novelty, value and value con-

ditional on novelty. The hypothesis is that relying on diverse scientific

knowledge would increase the probability of obtaining valuable inven-

tions, which in turn decreases the risk implied by novel recombination.

From the first analysis, we find that the diversification of scientific

knowledge sources strongly and significantly influence the technologi-

cal novelty of an invention, while the technological diversification is not

significant. This result indicates that our proposed ex-ante patent in-

dicator of diversification of scientific knowledge results strongly linked

to the technological novelty of an invention. This indicator can be

used to assess the novelty of radical innovations and we can so con-

tribute to the scientific debate about this timely topic.

From the second analysis, we find that the scientific diversification

strongly influences the patent value, measured by counting the number

of forward citations, both including and excluding the self-citations.

Our results, on one side, confirm that of Moaniba et al. (2018) or

Rosenzweig (2016) when they find a strong positive relationship of

recombination of technologically diverse knowledge with the techno-

logical value of an invention, but, on the other side, surpass their,

when we find that the effect of the recombination of scientifically di-

verse knowledge in the value of an invention even exceeds that given by

technological diversification. In effect, studies suggested that a thor-

ough understanding of science may help inventors in identifying and

assimilating knowledge elements in more distant technology domains

and affect the breadth of their technological recombinations (Gruber
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et al. 2012). Also here we find that the scientific diversification is

a good indicator not only of the probability of creating technological

novelty in the combination of knowledge but also of the impact ob-

tained ex-post by the innovation.

From the third analysis, we find the significant and positive re-

lation between novelty and value (both including and excluding self-

citations).Therefore, novel inventions (brought on by relying on di-

verse scientific knowledge) tend to be successful. This result allows

to reduce the risk implied by novel recombination when a firm search

success exploring distant knowledges.

In conclusion, the results of the analysis imply that the use of

different scientific knowledge as background in the construction of a

patent helps in the ability of generate novel and successful inventions,

when inventors recombine knowledge between different technological

domains and, at the same time, helps mitigate the risks associated to

radical innovations.

2.6 Conclusions

In our chapter, we have tried to understand more comprehensively

the features of patents that may influence the generation of successful

inventions. The empirical findings of this study provide new evidence

that successful inventions involve the use of different scientific knowl-

edge when inventors recombining knowledge across different techno-

logical domains.

For this purpose, we have analyzed a research field that has seen

a strong increase in the publication of patents in the last years, that
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is the silica aerogel nanotechnology. Therefore, we have ex-ante eval-

uated the technological novelty of the innovations and we have found

that this measure is strongly influenced by the diversification of sci-

entific knowledge used in the creation of patents.

We have then analyzed characteristics of patents that could af-

fect the probability of obtaining successful inventions showing that

diversification of scientific knowledge together with diversification of

technological knowledge facilitate the development of successful inven-

tions.

Moreover, we have found the positive correlation between novelty

and value of inventions, indicating that novel inventions tend to be

successful.

The results of the analysis imply that the use of different scien-

tific knowledge as background in the construction of a patent helps in

the ability of generate novel and successful inventions, when inventors

recombine knowledge between different technological domains and, at

the same time, helps mitigate the risks associated to radical innova-

tions.

We could draw, also, the conclusion that the ex-ante proposed

measures of scientific and technological diversification could be con-

sidered as good predictors of value; that could lead to using them for

patent measures. However, the performance of the model in predicting

outcomes is not tested in our analysis.
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2.6.1 Theoretical implications

A core interest in the literature on innovation is understanding how

firms may tap into new technological domains in order to achieve suc-

cessful innovations. Literature on innovation strategy has increasingly

highlighted the vital role of cross-disciplinary knowledge or knowledge

recombination across different domains in the development of impor-

tant inventions.

However, the majority of the studies rely only on technological

knowledge dimension. For instance Moaniba et al. 2018 analyze the

cross-disciplinary knowledge only considering a technological point of

view, finding a strong positive relationship of recombination of tech-

nologically diverse knowledge with the technological value of an inven-

tion. Rosenzweig (2016) finds that diversified technology knowledge

and diversified country knowledge are both positively associated with

the impact of technological innovation.

Our contribution to the extant literature on innovation regards the

analysis of both scientific and technological dimension together when

a firm recombine knowledge across distinct domains. So we analyze

the effect of simultaneously relying on technological and scientific di-

versification in the development of successful and novel inventions.

At the same time, we contribute also to the scientific debate about

the topic of the assessing the novelty of radical innovations, developing

an ex-ante patent indicator of diversification of scientific knowledge

that we found to be strongly linked to the technological novelty of an

invention.
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2.6.2 Practical implications

Possible implications for firms regard the learning of how to manage

uncertainties and risks present in radical innovation projects. Those

risks and uncertainties could determine several financial losses within

the patent portfolio investment. The proposed solution is to increase

the basin of scientific knowledge of the inventors in order to increase

the ability of recombining different knowledge in a novel and success-

ful way.

The scientific knowledge could be improved, for instance, increas-

ing the investments in R&D projects or developing collaborations of

scientific exchange with other economic subjects (mainly universities

and research centers).

Moreover, the evaluation of the scientific diversification of the

patents of a firm could help the manager of a firm to understand

which patents will probably obtain value and so in which patents it is

worth investing in and which patents should be renewed.

2.6.3 Drawbacks

A limitation of the analysis is related to the extension of the results. In

fact, by selecting a successful sub-domain of nanotechnology, a hind-

sight bias is introduced. Indeed, conditional on the fact that a lot

of value was created in a certain sub-domain, certain characteristics

predict value. However, this is by no means generalizable to patents

in fields for which it is not clear whether they were successful.

We could expect that the results could be extended to the field of

nanotechnology because it generally produces many successful inno-
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vations, but not to other fields.

Another drawback is referred to the core independent variable, the

scientific diversification. At this aim, practices vary widely across or-

ganizations as to the propensity to include non-patent references and

unlike patent references, there is no specific guideline or requirement

for citing non-patent references. So, the results could be influenced by

this factor.

Another drawback is that the patent classes are determined by the

patent office and are reclassified or added or altered with varying fre-

quency, and this could not allow to the patent to be comparable in

time. But at a level of sub-classes this problem is reduced.

The last drawback is that the sample of analyzed patents is not

very large due to the recent development in patent publications on

this nanomaterial.
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Chapter 3

The Recombination of

knowledge: incidence of

external collaborations

in the quality of firm’s

innovation outcomes

Abstract. In this chapter, we analyze if the quality of an innovation

(understood as technological impact) and its market value is positively

associated to the firm’ ability of recombining knowledge and how the

value of innovations changes in case of firm’ collaboration with other

partners. We explicitly distinguish collaborations between firms and

scientific partners, firms that operate in the same sector and firms

that operate in different technological sectors. To do that, we use

patents’ information in an emerging nanotechnology sector. The anal-

ysis is conducted at level of patents, because information coming from

this type of intellectual property rights (secondary data) are easily
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available and allow a study at micro level, more detailed respect to a

common analysis of the potential recombination ability conducted at

the level of firms. The findings suggest the positive influence of the

use and recombination of many knowledges, both technological and

scientific, in the quality and market value of the innovations. Collabo-

rations with subjects that provide different knowledge than that of the

firm are favorable, both scientific (universities and research centers)

and technological (firms that possess knowledge in different sectors).

Finally, innovations resulting from the collaboration of many partners

specialized on the same sector do not increase their value, but on the

contrary reduce it.

Keywords: external collaborations, scientific collaborations, similar

firms, diverse firms, patent value.

3.1 Introduction

It is true that successful innovations could born from no existing tech-

nologies (Ahuja and Lampert, 2001) but, generally, innovations arise

from the recombination or transformation of existing knowledges in

an unprecedent way.

What are the characteristics that a firm should possess in order to

be able to recombine knowledges?

A firm should possess a lot of knowledge, often also in different sec-

tors, and should also be able to continuously increase (improve) the

knowledge pool, exploring new sources and acquiring from the out-

side or creating collaborations; in that way, the probability to create

new connections and new developments increases. All these capabili-
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ties and competences seem related to the firm internal R&D activity.

Indeed, having previous knowledge improves the inventor’s ability to

learn more and better assimilate his surroundings. This allows for

better ability to use all knowledge in new settings (King and Lakhani,

2011).

Moreover, the possession of a large knowledge stock should facil-

itate external collaborations with different types of partners. It is

essential to consider alliances when evaluating the ability to create

new knowledge, because if it is true that having a large pool of knowl-

edge allows firms to generate innovations with more ease, certainly

the presence of collaborating subjects, which shared their own pool of

knowledge and skills, increases this probability. For instance, a com-

mon strategy that a firm - in science-based industries – could adopt for

acquiring scientific knowledge and skills lies in research collaborations

with universities.

3.1.1 Novelty of the study

Often firm’s abilities to create innovation has been assessed consider-

ing the percentage of investments in R&D or the number of external

collaborations, but this information indicates the ‘potential’ of a firm,

that is how much the firm is potentially able to generate innovations.

But if we go specifically, how much of the knowledge possessed by

firms has actually been used to create each innovation? And all this

knowledge (internal, acquired, shared), recombined and transformed,

influence the creation of value for the firm?

In our study we want to conduct an analysis at the level of a single

innovation. Our sample contains all the patents (published by firms)

in a certain technological sector and contains, so, products of firm’s
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internal R&D activity. Every patent will be associated to its value

in the market measured by the received forward citations. Then the

analysis will be clustered at level of firm because we consider the abil-

ity of using and combining knowledges as a firm’s capability.

The analysis at patent level allows to evaluate information that in

a firm-level analysis would be lost. We, here, find a correspondence

between characteristics of every patent and the associated value in

the market. For example, it can be evaluated the specific sources of

knowledges adopted for building up every patent and, therefore, from

how many different precedent discoveries every invention takes place

or how many technological or scientific knowledges have been really

integrated to develop every invention.

Moreover, it is possible to evaluate if collaborations with a specific

company is better than another company in terms of quality of the

innovation outcomes or if collaborations with other types of partners

has a greater impact.

3.2 Theoretical framework

3.2.1 The incidence of recombination capacity in

the value of an innovation

The development of innovations and the ability to capture value from

them is a goal strongly sought by firms to obtain and maintain com-

petitive advantage on the market. Recently, a common method used

by firms in order to develop innovations lies in the exploration of

external technological domains. Such external search increases the

probability of creating new recombination of knowledges and, so, of
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creating innovations but requires a good firm’s capacity of acquisi-

tion and exploitation. The innovation literature suggests that a firm’s

absorptive capacity helps improve the quality and frequency of innova-

tion outcomes (Lane et al., 2006; Volberda et al., 2010), and therefore

the development of successful innovations.

Cohen et al. 1990 define absorptive capacity as “the ability of a

firm to recognize the value of new, external information, assimilate it,

and apply it to commercial ends”.

This capacity allows firm to assimilate knowledge, combine it with

existing in-house knowledge and exploit it in internal R&D activities

(for instance patents, trademarks, copyrights, etc.).

Zahra and George (2002) consider absorptive capacity as a dy-

namic capacity and distinguish ‘potential’ absorptive capacity and

‘realized’ absorptive capacity, suggesting that both together are essen-

tial for the development of firm’s competitive advantage in the market.

All the characteristics of absorptive capacity (Mart́ın-de Castro,

2015) are possessed by firms that are capable to identify and acquire

external knowledge and, also, to assimilate them and combine with

internal knowledges for the creation of novel ideas.

Certainly, this ability requires in primis the capacity to identify

and value external knowledge (Zahra and George, 2002). Generally,

firms that invests in internal R&D activities are more prepared to

recognize and absorb external sources of knowledge (Cassiman and

Veugelers, 2006; Li, 2011), since they possess in-house the right knowl-

edge that would permit absorption of knowledge from different do-
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mains (Cohen et al. 1990). In fact, the identification and acquisition

of external knowledge seems related to the internal investment in R&D

(Arora and Gambardella, 1994; Cohen and Levinthal, 1989; Cassiman

and Veugelers, 2006).

Many authors have analyzed the relationship between internal R&D

and external knowledge (for instance Cassiman and Veugelers, 2006;

Cohen and Levinthal, 1990; Katz and Allen, 1982; Pisano, 1990).

Karim and Mitchell (2004) suggest that internal development and ac-

quisitions contribute in the creation of value. Arora et al. (2014)

explore the interplay between R&D, external knowledge and organi-

zational structure suggesting that the three elements of a firm’s in-

novation strategy should be aligned to support each other for a good

performance of the firms.

However, the analysis of the relation between internal R&D activ-

ity or absorptive capacity (defined as a byproduct of internal R&D)

and value of innovation have been conducted principally at firm-level

(Huang et al. 2015) and, more rarely, has been considered the scien-

tists’ absorptive capacity in an analysis at inventor-level.

Nevertheless, when we evaluate the incidence of the recombination

ability in the innovation quality, and so when we evaluate if the knowl-

edges (internal, acquired, shared) actually used in the creation of each

innovation, recombined and transformed, generate value for the firm,

we need an analysis at patent level.

At this aim, we have to recall that it is not so clear to under-

stand how different knowledges deriving from external search could

be integrated for develop success (Fleming 2001). Recently, Arts and
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Fleming (2018) found that, in the exploration of new fields, the effect

on value increases when the inventors collaborate with experts or use

scientific literature in the new field.

We, so, explore the research question:

In a patent-level analysis, does the ability to recombine a lot of

knowledge positively influence the value of innovation?

3.2.2 The incidence of network team (R&D al-

liances) in the value of an innovation

Many authors recognize the positive incidence of R&D alliances in the

quality and efficiency of innovations.

Certainly, the discovery of new product/process through internal

R&D activity is a good way to obtain success but even external col-

laborations can generate earnings for the firm. In fact, the firms can-

not possess in-house knowledges in many technological fields and, in

searching external and unknown technological knowledge, they can

obtain more benefits by cooperating with external experts than by

investing for the employees’ acquisition of the required knowledge.

Moreover, the time-to-market could be reduced and the access to new

markets facilitated (Narula, 2001).

In addition, in the collaboration with other subjects, the risks of

economic losses are reduced because they are shared between the two

partners. Sure, there are some risks in the collaboration, due to the

possibility that the partner takes advantage from the acquired knowl-

edge and become a competitor (Alcácer and Oxley, 2014). In addition,
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it can be difficult to create alliances because it is not always easy to

make explicit knowledges that are tacit.

Mart́ınez-Noya and Narula (2018) explain that firms could try to

protect their knowledge through contracts or making alliances with

familiar partners, at the expense of innovation performance.

Hurtado-Ayala and Gonzalez-Campo (2015) exhibit a summary

framework in which they show that company networks activity, in

literature, has been measured by the number of partners/affiliates,

alliances with research institutes and use of scientific journals/attend-

ing events. For instance, Vega-Jurado et al. (2008) use the number of

R&D alliance members to capture the firm’s external knowledge.

In conclusion, alliances – or, at least, some types of alliances - are

expected to increase the value of the product that comes from the col-

laboration. Therefore, it would be interesting to analyze if the value of

an innovation is positively influenced by the presence of collaboration

with other partners.

Nieto et al. (2007) analyzes the role of different types of collab-

orative networks for the novelty of product innovation and find that

collaboration with suppliers, clients and research organizations have a

positive impact on the novelty of innovation, while collaboration with

competitors has a negative impact.

Dong et al. (2015), analyzing a relation between inter-firm col-

laborations and technological value of their outputs, find the positive

incidence of the variety of technological knowledge of the partners

profile but the negative incidence when partnering firms are distant in
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term of their technological profile.

Pereira and Leitao (2016), instead, find that coopetition (that is

collaboration with competitors) positively impacts the product inno-

vation, in a sample of Italian and Portuguese manufacturing firms.

From this literature we explore the research question:

Do firms that exploit R&D alliances with other partners improve

their ability of creating successful innovations? What is the incidence

of different types of partners in the value of innovations?

3.3 Methodology

We use a quantitative analysis based on patent information.

Patents are common examples of firm’s innovation outputs and

represent products of the exploitation of new knowledges through in-

ternal R&D activities.

In our study, we want to evaluate if the firm’s capacity of creating

innovations through recombination of knowledges is positively linked

to the value of its innovations, with an analysis at patent level

.

In particular, we consider the ability to use and combine or trans-

form different knowledges. These knowledges could be acquired exter-

nally or by sub-units of the same firm through internal collaboration

or could be made available by external partners. The measure of this

ability is indicated by how many sources of knowledge (external and/or

internal, technological and/or scientific) each patent has been able to
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use and combine or transform.

3.3.1 Measures

The creation of a new discovery is the last step of a process that starts

from acquisition and assimilation and is followed by recombination or

transformation of knowledges. Information coming from the backward

citations of a patent represent the knowledges that have been acquired

and, above all, used. The cited technological and scientific sources, in

a patent, both if these knowledges are developed or not by firm’s em-

ployee, represent technological and scientific knowledge that are used

in the creation of a new discovery.

So, to measure the use of knowledges and the ability to combine/-

transform them, we consider cited sources of knowledge, both techno-

logical and scientific.

Unlike an analysis of the ability in the external search that is mea-

sured by counting how much the firm cites external patents (Argyres

and Silverman, 2004), when we count how much knowledge has actu-

ally been used and transformed for the creation of a single discovery,

we also consider the technological knowledge possessed within the firm

itself, which certainly have been used differently for the creation of an

invention.

Specifically, we evaluate if, for the creation of a new product/pro-

cess, many sources of technical knowledge are used. This aspect notes

the capacity of the inventors or employee not only to have understood

and acquired technological information deriving from different prod-

ucts compared to what it is going to realize but also know how to

apply them in order to develop innovations.
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The number of cited patents indicates the quantity of technological

knowledge acquired and used to create the product. The used techno-

logical knowledge can be developed outside the firm (in this case are

non self patent citations) or inside to the firm in precedent inventions

(self-citations). We expect that all the used inventions appear in the

citations of focal patent because it exists a rigorous procedure that

guaranties that appropriate citations to all the precedent discoveries

are made.

Then, we measure the use of scientific knowledge. The scientific

knowledge is essential to understand general aspects of the phenom-

ena, improves the firm’s acquisition skill and in general, companies

with internal R&D programs are able to use better the science that

comes from outside (Gambardella, 1992).Furthermore, citations to sci-

entific sources of knowledge in a patent have been associated with the

novelty of the innovation (Callaert et al. 2006).

It seems correct to think that if new or important scientific knowl-

edges have been used as sources of inspiration in the creation of a

patent, they would be included in the scientific citations (citations to

non-patent references).

Finally, the capacity to develop R&D alliances is also synonymous

of the ability to absorb knowledge and develop it in a new way.

The creation of an invention in collaboration with other entities

(firms or universities or research institutes or autonomous inventors

etc.) denotes the capability of having used in a favorable way more

large technological knowledges, with the aim of a specific application.
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3.3.2 Data collection

In our analysis, we evaluate the technological impact and value of the

innovations in relation to some abilities that influence the creation of

new knowledge. We concentrate in one of the sectors that generally

spend the most in financing the R&D activity, that is the technology

sector.

In particular, the nanotechnology sector seems suitable for our pur-

pose, because this emerging technology promises applications in many

sectors (Roco, 2011) and, so, determine high possibility of developing

new inventions from the recombination and transformation of different

knowledges.

In addition, we study the field of silica aerogel, a nanomaterial

that have seen a drastic increase in the number of published patents

in the last years, because we expect that, like similar nanomaterials in

the past (i.e. graphene and carbon nanotubes), its application could

generate many successful inventions. This aspect is essential in our

analysis because many patents usually receive little or no citation.

All patents in the silica aerogel technology have been considered.

We use QPat database, a worldwide patent database that cover over

60 million documents, and search citations, legal status of every single

patent or patents in a family. Patents are grouped at family level. The

total number of published patents until 2018 is 8042. We distinguish

between patents owned by firms and by other subjects such as uni-

versities, scientific academies, research institute etc. (see Fig. 3.1 and

3.2) and refer to the first group of data in our examination because

we search implications for the firms activity.
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Figure 3.1: Patents of firms on silica aerogel technology until the year
2018

Figure 3.2: Other patents on silica aerogel technology until the year
2018
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We choose to analyze the last five years, where the number of

published patents is always increasing and where we can control for

the influence of the year in the number of received forward citations.

3.3.3 Variables

To assess the quality of an innovation, we use the number of forward

citations that are the citations received by other later patents. In or-

der to make different patents comparable in time we include the year

of publication and we control for the effect of the year of publication

on the received citations.

To assess the use of technological knowledge sources, we count the

cited patents. Also patents developed by the same assignee must be

included because they give information on already possessed techno-

logical knowledges, but developed in a different way.

To assess the use of scientific knowledge sources, we evaluate if

scientific research have been cited and so we use a dummy variable

with the value of 1 if a patent presents backward citations to scientific

literature and 0 otherwise.

To assess the R&D alliances, we evaluate the presence of external

collaborations, creating a dummy variable with the value of 1 if col-

laborations are made, 0 otherwise.

Moreover, in the case of collaborations, we create dummy variables

explaining the type of collaboration, so we consider scientific alliance

if the collaboration is created with universities and/or research insti-

tutes and firm alliance if the collaboration is created with other firms.

More specifically, diverse firm if exist the presence of at least one firm
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specialized in different type of products or sectors, similar firm if ex-

ist the presence of at least one firm specialized in the same type of

products or sectors and probably that can compete in the market.

Moreover, we create a variable type of alliance indicating the part-

ner diversity and we assign 0 if do not exist alliances with other part-

ners, 1 if the alliance is developed only with firms or only with scientific

research centers and universities, 2 if the alliance is developed together

with the two types of partners.

We count the number of assignees for evaluating the number of

subjects that collaborate in the patent creation and its incidence in

the patent value.

We control for the technological sector of the focal patent because

this aspect could influence the dependent variable. We, so, associate

to every patent the main sector, using the assigned main international

sector according to the international patent classification at section

level.

Finally, we control for the influence of specific characteristics of

every firm, clustering all the data at firm level.

We recap all the variables in Table 3.1.

3.4 Results

We present in Table 3.2 the correlation between the variables.
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Table 3.1: Summary Statistics

Variable Description Mean Std. Min. Max.
Dev.

Quality n. of times a patent 0.78 2.32 0 43
is cited by other patents

Techn. know. n. of patents cited by 2.85 5.37 0 124
sources the focal patent
Scient. know. 1 if the focal patent 0.05 0.23 0 1
sources presents backward cit.

to scientific literature,
0 otherwise

R&D alliances 1 if collaborations are 0.07 0.26 0 1
made, 0 otherwise

Type of 0 if do not exist alliances, 0.0777 0.2805 0 2
alliance 1 if exist alliance with

one type of partner,
2 if exist alliance with
both the two types of
partners

Alliance with 1 if the collaboration is 0.04 0.19 0 1
firms created with firms,

0 otherwise
Diverse firm 1 if the collaboration is 0.01 0.12 0 1

created with firm/firms
specialized only in
different type of products,
0 otherwise

Similar firm 1 if the collaboration is 0.02 0.15 0 1
created with firm/firms
specialized in the same
type of products,
0 otherwise

Scientific 1 if the collaboration is 0.04 0.0 0 1
alliance created with universities

and/or research institutes
0 otherwise

Assignee number of assignees 1.10 0.52 1 22
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Table 3.2: Correlation matrix
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Going to analyze the correlation of the considered variables with

the dependent variable, that is the quality of the patent, we see that

the values are all positive with the exception of the similar firm vari-

able. This already leads to think that the presence of a collaboration

between firms of the same sector or producing the same product will

result in a reduction in the value of the patent compared to companies

that work without collaborating with firms of the same type. However,

all the correlation coefficients are very low and only the technological

knowledge sources, which indicates the number of citations to existing

patents, is very related to the value of the patent. A certain corre-

lation is also noted in the variable scientific alliance which indicates

alliance with a purely scientific entity (such as universities, academic

centers, research institutes) and in the variable scientific knowledge

sources, which indicates the citation of scientific literature.

The correlation between the other variables is low, proving the

fact that there are no problems of collinearity. Naturally, the pres-

ence of alliances (R&D alliances) and different types of alliance are

very related, but they are not to be considered simultaneously in the

regressions.

We use the negative binomial regression because the dependent

variable is a non-negative counting variable that exhibit overdisper-

sion. The assumption of independence of event counts is respected.

In Table 3.3 we show the results of our regressions.
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Table 3.3: Regression with quality as dependent variable. Robust
standard errors in parentheses, clustered at firm level. +p < 0.1;∗ p <
0.05;∗∗ p < 0.01;∗∗∗ p < 0.001.
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Regression (1) presents only the control variables year and section,

that have been included with the aim of controlling for the effects of

time and technological sector in the quality of the patents.
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The variable technological knowledge sources is very significant in

all the regressions (2)-(6), showing the high influence of the number

of cited patents in the quality of the invention. As expected, the use

of many sources of technological knowledge, and implicitly the ability

of having recombined them, contributes in the creation of valuable

inventions. The citation of scientific knowledge sources, as explained,

is not directly linked to the value of an invention but its presence in-

creases the scientific background of the inventors, allowing a better

ability of acquisition and recombination of knowledge in a new way,

also improving the novelty (Callaert et al., 2006). In regressions (2)-

(6), we show that this variable presents coefficient +0.49 with a level

of significance p < 0.1. From regression (2), we can say that the use of

technological and scientific knowledge positively influences the value

of an innovation. So, patents that arise from the use and combination

of many technological knowledge and the use of scientific sources are

more likely to obtain value and success.

In regressions (3)-(6), we analyze the incidence of the collabora-

tions in the value.

From regression (3), we deduce that the number of assignees is neg-

atively linked to the value of the patent with coefficient -0.27, while

the presence of an R&D alliance (of any kind) is positively linked

with coefficient 0.33. The two effects seem almost to cancel out if it

exists an alliance with a single partner and they become negative as

the number of partners increases.

When we consider the variable type of alliance, in regression (4),

we find that the presence of alliances with different type of partners

increases the value of the patent of a coefficient 0.43 for every different
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type of alliance while the number of assignees reduces the patent value

of a coefficient -0.35 for every assignee.

Finally, in regressions (5) and (6) we consider, in a more detailed

way, the specific type of alliance and, so, we distinguish alliance with

firms and scientific alliance. We find that the presence of scientific

alliances increases the technological value of the patent with a positive

and significant coefficient of +0.48. The alliance with diverse firms is

positively associated, with a level of significance p < 0.1, to the qual-

ity with coefficient +0.52, while the alliance with similar firms is not

significant and presents a coefficient of 0.19.

Also in this case the number of assignees negatively influence the

patent value with a coefficient of -0.36, leading to a total negative in-

fluence in case of more than two partners.

From the difference between the coefficient of alliance with similar

firm and that of the number of assignees it is deduced that collabo-

ration even with a single company of the same type leads to negative

value with respect to a situation of no collaboration.

Alliances with scientific entities and with diverse firm increase the

quality of the innovation, but as the number of partners of the same

type increases, the value of the patent decreases.

3.5 Discussion

We recap the relevance of the results in the light of existing litera-

ture. As explained in the theoretical background section, many au-

thors have considered the firm’s ability to create a networks activity,
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counting for instance the number of partners/affiliates, the number of

alliances with research institutes and the use of scientific journals/at-

tending events (Hurtado-Ayala and Gonzalez-Campo, 2015). Other

authors used the number of R&D alliance members to capture the

firm’s external knowledge (Vega-Jurado et al., 2008).

However, all these types of analysis consider the firm as unit of

analysis and search for the effect of external collaborations in the firm

performance outcomes. Our analysis, instead, is conducted at the level

of the single invention. Only Nieto et al. (2007) have conducted an

analysis at patent level, however examining the role of different types

of collaborative networks for the novelty of product innovation.

We contribute to the existing literature analyzing if the value and

success of an innovation is positively influenced by the presence of col-

laboration with other partners. The results are interesting and novel,

especially when it comes to linking the types of collaboration variables

to the patent’s value and success.

Moreover, our research fits into the open innovation paradigm, for

which firms must rely on an innovation model that not only takes into

account internal ideas and resources, but also knowledge and skills

from outside, in particular from startups, universities, research insti-

tutes and non-competing firms.

Our results confirm this paradigm, showing that alliances with

scientific entities and with firms specialized in different types of prod-

ucts increase the value of an innovation. We, therefore, suggest the

importance of the dependent variable patent value - not yet considered

before - in open innovation studies.
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3.6 Conclusions

In this chapter, we have analyzed if the quality of an innovation (un-

derstood as its technological impact and value) is positively associ-

ated to the firm’s ability of recombining knowledge and how the value

changes in case of firm’ collaboration with other partners.

We have considered all patents owned by firms in the silica aerogel

technology in the time period 2014-2018.

From the analysis of our sample, we can affirm that:

1. the use of technological and scientific knowledge positively in-

fluences the value of an innovation. So, patents that arise from

the use and combination of more technological knowledges and

the use of scientific knowledge sources are more likely to obtain

value and success.

2. the number of different types of collaborations increases the

value of a patent but as the number of partners of the same

type increases, the value of the patent decreases.

As expected, so, the use of many sources of technological knowl-

edge contributes in the creation of successful inventions. The citation

of scientific knowledge sources is fundamental in the procedure of in-

tegration of many knowledges, mainly when external knowledges are

explored, and contribute to the quality of the innovation.

For what concerns the collaborations, not always they increase the

patent value with respect to a situation of no collaboration.
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From the difference between the coefficient of alliance with similar

firm and that of the number of assignees it is deduced that collabo-

ration even with a single company of the same type leads to negative

values, that is, it would suit not to collaborate or, at least, not to col-

laborate if the intent is to develop value and money from the discovery.

Alliances with scientific entities (coefficient + 0.48 ) and with di-

verse firms (coefficient +0.52), on the contrary, increase the quality

of the innovation, but as the number of partners of the same type

increases, the value of the patent decreases.

3.6.1 Implications

The results of the study determine implications for firms that fear eco-

nomic losses when they trying to expand their technological knowledge

domain, suggesting the positive influence of the use and recombination

of many knowledges in the quality and market value of the innovations.

Internal knowledge can be increased with the exploration of new

fields, supported by the acquisition of scientific knowledge, and with

collaborations with other partners. Specifically, collaborations with

subjects that provide different knowledge than that of the company

are favorable, both scientific (universities and research centers) and

technological (firms that possess knowledge in different sectors).

Finally, the study suggests that innovations resulting from the col-

laboration of many partners for each type do not increase their value,

but on the contrary reduce it. Therefore, it is possible to think that

when many subjects collaborate, the aim is not to create value for

their firm but to find new ideas and acquire new knowledge that can

be then developed individually.
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Chapter 4

Effect of science in the

relation between firms’

technological

diversification and

innovation performance

Abstract.1 Several studies have analyzed the relationship between

the firms’ technological diversification and the innovation performance

outcomes. We use information coming from patents portfolio of a sam-

ple of firms that operate in a nanotechnology sector and analyze the

effect, in this relationship, of the use of scientific knowledge in the

development of patented inventions. We find, firstly, that the trend

of the quality of innovation with the technological diversification of a

firm appears similar to a Gaussian with positive asymmetry. Secondly,

we find that with the increase in the percentage of the used science

1This chapter has been accepted for publication in Journal of Mathematical Economics and
Finance.
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by year, in one side, firms appear to obtain the maximum impact of

the innovation, in average, with a less technological diversification in

the patent’s portfolio and, in the other side, innovations with more

impact are obtained in average.

Keywords: Technological diversification, patent analysis, scientific

knowledge, Gaussian relation, nanotechnology.

4.1 Introduction

Several studies have analyzed the relationship between the firms’ tech-

nological diversification and the innovation performance outcomes. A

complete review on this topic can be found in Ceipek et al. (2019).

The main results show an inverted U-shaped link between techno-

logical diversification and innovation quantity (Leten et al. 2007),

suggesting that over a certain level of technological diversification the

quantity of innovation decreases. Other studies find a linear positive

relationship between the innovation quality (in terms of impactful and

originality of the innovation) and the technological diversification ob-

tained recombining knowledge in diversified technological portfolios

(Lee et al. 2012, Corradini and De Propris 2017).

On the contrary, the focused technological diversification appears

negatively linked to the quality of innovation for small size firms (Cor-

radini et al. 2016) and negatively linked to the quantity of intellectual

property (Lin and Chen 2005). Mariani (2004) suggests a dependence

on the considered technological sector. Recently, the moderator effects

of some features have been studied (Kim et al. 2009, 2016), princi-

pally the resource and portfolio characteristics (the firm’s size, R&D
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expenditures, patent portfolio size) and inter-firm collaborations.

4.1.1 Motivation and literature gap

Use of basic research, fundamental for firms that operate in sectors

guided by science, allows to gain necessary knowledge for subsequent

applications in various technological fields. We adopt, as a factor that

could affect the relation between firm’s technological diversification

and quality outcomes, more precise information with respect to the

amount of R&D expenditures, such as the actual basic research that

has been used as prior art in the development of every new invention

of firm’s patent portfolio.

4.1.2 Research question

Scientific sources of knowledge used in building up patents, in a firm’s

portfolio, should determine positive effect in quality of innovation per-

formance, both for diversified and specialized firms. So, we ask the

following research question.

Do investments in basic research impact on the relationship between

firms’ technological diversification and innovation performance?

4.1.3 Fitness

The aim is to provide guidance, mainly to science-based firms, on how

to manage knowledge bases and how to organize the patent portfolio

in order to obtain value from innovations.

113



4.2 Methodology

We use a quantitative analysis based on patent information. To assess

the technological diversification of firm’s patent portfolio, we use the

Shannon-Wiener entropy measure at the subclass level (according to

the IPC classification), and we group the patents by firms and also

by year (since a firm’s innovation quality is time-dependent). To as-

sess the quality of innovation, we use the average number of forward

citations received. Finally, to evaluate if basic research has been used

and cited, we assign 1 if backward citations to scientific literature

are present, 0 otherwise. Then we create the variable science as the

average of the use of basic research.

4.2.1 Index of technological diversification

For evaluating the diversity of species, we use the Shannon-Wiener

index, that is calculated using the following equation:

H ′ = −
∑
i

pi ln(pi) (4.1)

where

• pi = ni/N ;

• ni = the abundance of the ith species and

• N = the total abundance

Then, we apply the jackknife technique that is a general method that

reduces the bias of an estimate. Here it is used to improve the estimate

of diversity statistics. In this research, the species are the sub-classes
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of the IPC2 classification for the evaluation of diversification of tech-

nological fields.

4.3 Empirical material

Companies in different sectors and industries conduct R&D in its two

steps: basic research and applied research; pharmaceuticals, semicon-

ductor, and technology companies generally spend the most. Our

analysis would study the effect of scientific basic research in the rela-

tion between technological diversification and innovation performance,

so we examine a sample of firms that operate in a sector guided by sci-

ence. Specifically, we consider a nanotechnology sector and we study

the impact of technological diversification on qualitative aspects of

innovation, through a patent analysis. Patents have become an im-

portant metric in the innovation literature due to an easy and open

trail of patent citations.

We use QPat database, a worldwide patent database that cover

over 60 million documents, and search citations, legal status of every

single patent or patents in a family.

All patents in the field of silica aerogel nanotechnology have been

considered and the sample analyzed contains the inventions of the top

ten assignee in the sector.

We searched for keywords silica AND aerogel OR silica AND aero-

gels in patent’s Title OR Claims. The patents selected are 2530, distin-

guished in legal status alive (1998) and dead (532). The classification

2The IPC has a systematic and hierarchical structure. Classification becomes more detailed
with every further (sub)division. In order we have classification for section, class, subclass, group
and subgroup (see https://www.wipo.int/classifications/ipc/en/).
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according to the year of the first application is:

• after 2015 (600)

• 2011-2015 (982)

• 2006-2010 (440)

• 2001-2005 (381)

• before 2001 (127).

The top ten assignee are L’Oreal (240), Aspen Aerogel (154),

Cabot (134), LG Chem (78), Basf (53), Wyeth (42), Hyundai Mo-

tor (37), Life Tech (32), W L Gore & Ass. (32), Dow Global Tech.

(30).

We show in Table 4.1 a recap of some statistics grouped by firm.

Table 4.1: Statistics
FIRM n. pat. n. forw n. backw science Tech. H ′JSC

(aver.) (aver.) % sub-clas
Aspen 154 3,74 5,805 0,195 23 2,503
Aerogels
Basf 53 1,11 5,83 0,17 12 1,7767
Cabot 134 6,64 8,5 0,21 29 2,571
Dow 30 1 4,13 0,2 16 2,416
global
Hyundai 37 0,32 4,78 0,216 20 2,442
LG chem 78 0,705 3,85 0,29 19 2,084
Life tech 32 9,94 23,31 0,625 9 1,717
L’Oreal 240 0,89 7,025 0,49 6 0,480
WL Gore 32 7,56 9,28 0,28 12 1,617
Wyeth 42 0,81 1,71 0,095 3 0,397

We show in Table 4.2 the variables of the analysis grouped by firm

and year and we calculate the diversification index, corrected with the

jackknife technique, at sub-class level of technological diversification.
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Table 4.2: Variables
year patents H ′JSC forward science (%)

Aspen 2014 9 2,002 1,222 0,111
2013 1 1,012 5,000 0,000
2012 10 1,891 4,500 0,200
2011 1 1,536 1,000 0,000
2010 3 1,860 13,333 0,000
2009 2 0,000 0,000 0,000
2008 3 1,520 5,667 0,000
2007 14 2,454 8,571 0,214
2006 14 2,272 1,857 0,286
2005 16 2,267 17,625 0,375
2004 4 1,397 18,500 0,250
2003 2 1,009 13,500 0,000

Basf 2014 3 0,856 0,000 0,333
2013 4 1,035 1,500 0,500
2012 14 0,834 2,214 0,214
2011 2 0,000 0,000 0,000
2010 6 0,000 3,500 0,333

Cabot 2014 2 1,805 0,000 0,000
2013 1 0,000 0,000 0,000
2012 11 1,946 5,000 0,182
2011 3 2,110 0,667 0,333
2010 9 2,355 4,111 0,111
2009 7 1,422 6,143 0,286
2008 10 1,262 5,800 0,300
2007 9 2,278 2,333 0,000
2006 11 1,416 5,545 0,182
2005 10 2,449 10,100 0,400
2004 7 1,333 18,286 0,143
2003 6 1,977 8,833 0,333
2002 15 0,969 5,400 0,400
2001 14 1,774 12,571 0,143
2000 8 1,428 7,250 0,250
1999 6 0,912 2,500 0,000
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year patents H ′JSC forward science (%)

Dow Global 2014 10 1,976 0,800 0,100

2013 2 1,771 7,500 0,500

2003 2 0,627 0,000 0,000

2001 1 0,627 0,000 1,000

Hyundai 2015 17 1,890 0,412 0,176

Lg Chem 2016 9 1,332 1,556 0,444

2015 6 0,513 5,667 0,500

Life Tech 2015 2 0,777 1,000 0,500

2014 3 1,209 2,333 0,667

2013 5 0,930 0,200 0,600

2012 2 0,964 1,500 1,000

2011 1 0,389 4,000 1,000

2010 3 1,522 2,000 0,667

2009 3 1,383 3,333 0,333

2008 5 1,368 27,200 1,000

2007 3 1,302 49,667 0,667

L’Oreal 2015 76 0,417 0,421 0,329

2014 11 0,300 2,455 0,545

2013 78 0,486 1,372 0,885

2012 7 0,303 6,429 0,571

WL Gore 2015 3 0,905 1,000 0,000

2013 3 1,622 0,667 0,667

2012 1 1,186 0,000 0,000

2008 2 1,324 13,000 0,500

2007 1 0,955 7,000 1,000

2006 5 1,269 6,800 0,600

2005 5 1,475 34,000 0,400
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year patents H ′JSC forward science (%)

Wyeth 2014 2 0,187 0,500 0,000

2013 1 0,000 0,000 0,000

2011 1 0,000 0,000 0,000

2010 1 0,000 0,000 0,000

2009 2 0,000 0,000 0,000

2008 12 0,350 0,250 0,083

2007 16 0,406 1,063 0,125

2006 7 0,422 1,857 0,143

4.4 Results

We firstly propose, in figure 4.1, a linear relationship between the

firm’s technological diversification and the quality of innovations, show-

ing a bad adaptation to data (R2=0.07).

Figure 4.1: Linear equation: y = b0 + b1x

119



Then we propose, in figure 4.2, a quadratic relationship (supported

by the existing literature), showing a better adaptation to data respect

to a linear relationship, but with coefficient R2 very low (R2=0.12).

Figure 4.2: Quadratic equation: y = b0 + b1x + b2x
2

Therefore, looking at the trend of the graph, we suggest a Gaussian

relationship of the type

y = b0 ∗ exp(−(x− b2)
2/(b1)

2)

where

• b0 represents the ordinate of the peak,

• b1 represents the standard deviation

• b2 represents the mean.

This type of relation fits the data much better than the previous
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ones (R2=0.42).

4.4.1 Effect of science

If we want to consider the effect of the science in this relation, we

could analyze how the coefficients b0, b1 and b2 vary when we regress

a subset of the sample with specific characteristics of science. For in-

stance, if the percentage of science is less than 30%, the coefficients of

the non-linear regression change as follows in table 4.3, regression (2)

compared to (1).

Table 4.3: Results of the regressions. Robust standard errors in paren-
theses (∗p < 0.05;∗∗ p < 0.01;∗∗∗ p < 0.001).

(1) (2) (3)
b0 12.0835*** 8.4566** 13.2742**

(3.2439) (2.2391) (4.3397)
b1 0.4665*** 0.6414*** 0.1437*

(0.0808) (0.1443) (0.0572)
b2 1.4187*** 1.4245*** 1.3583***

(0.0707) (0.1102) (0.0537)
b3 7.1582***

(1.7352)
R2 0.4223 0.5671 0.4794

n. obs 68 37 68

For evaluating the incidence of the science, we regress

nforward = b0 ∗ exp(−(HJSC − b2)
2/(b1)

2) + b3 ∗ science

showing the results in regression (3) of table 4.3.

121



We show in figure 4.3 and 4.4 the Gaussian curves with the coeffi-

cients determined in table 4.3, regressions (1) and (2).

Figure 4.3: Gaussian equation: y = b0 ∗ exp(−(x− b2)
2/(b1)

2)

4.5 Discussion and conclusions

First evidence shows that the trend of the quality of innovation with

the technological diversification of a firm appears similar to a Gaus-

sian with positive asymmetry. The positive linear relation is significant

but with low adaptation to data (R2=0.07). The non-linear relation

in the form of a Gaussian, instead, is very significant for robust stan-

dard errors with the p-value of all the coefficients less than 0.0001 and

presents a better adaptation to data (R2=0.42).

The effect of the use of sources of scientific knowledge in the cre-

ation of patents is very relevant: it is able to move the Gaussian peak
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Figure 4.4: Gaussian equation: y = b0 ∗ exp(−(x − b2)
2/(b1)

2)) if %
science < 0, 30

to the left and raise it, in a diversification-innovation graph. This

circumstance implies that, with the increase in the percentage of the

used science, in one side, firms appear to obtain the maximum impact

of the innovation, in average, with less technological diversification in

the patent’s portfolio and, in the other side, innovations with more

impact are obtained in average.

Further analysis will study the firm collaboration effects (with

other firms or universities) and the firm’s size effect.

4.5.1 Contribution to theory

This research contributes for the study of the relation between tech-

nological diversification and innovation performance in a sample of

science-based firms (firms that operate in sectors guided by science:

i.e. pharmaceutical, biotechnology, nanotechnology). The effect of
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basic research in this relation is also analyzed. The positive effect of

the use of basic research as source of knowledge for the development

of patents with impact (highly cited) is easy explained. The basic

research, indeed, allows inventors to gain scientific knowledge that is

necessary for subsequent applications in various technological fields. If

the exploration and combination of different technological knowledge

appears associated with an increase of the patent value (Gosh et al.

2009), the use of scientific knowledge itself, in the same way, allows a

better understanding of all the phenomenon and could facilitate the

ability to find new connections between technological areas and new

discoveries.

4.5.2 Contribution to practice

The positive impact of the basic research in the qualitative perfor-

mance of innovation demonstrate the advantage of investing in R&D

activities, both for firms that focus on core technology and search

innovation exploring fields close to the field of the existing business

activities and for diversified firms. Mostly for diversified firms is neces-

sary a good balance of science and technology because excessive tech-

nological diversification, not supported by high basic research, could

nullify the benefits of a portfolio.
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Chapter 5

Conclusions

5.1 Contribution to existing literature

A core interest in the literature on innovation is understanding how

firms may tap into new technological domains in order to achieve suc-

cessful innovations. Literature on innovation strategy has increasingly

highlighted the vital role of cross-disciplinary knowledge or knowledge

recombination across different domains in the development of impor-

tant inventions.

However, the majority of the studies rely only on technological

knowledge dimension. For instance Moaniba et al. 2018 analyze the

cross-disciplinary knowledge only considering a technological point of

view, finding a strong positive relationship of recombination of tech-

nologically diverse knowledge with the technological value of an in-

vention.

Our contribution to the extant literature on innovation regards the

analysis of both scientific and technological dimension together when

a firm recombine knowledge across distinct domains. So we analyze

the effect of simultaneously relying on technological and scientific di-
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versification in the development of successful and novel inventions.

Our findings prove that recombining domains in different scien-

tific together with technological fields - based on cited references and

patents - increases the probability of developing successful inventions.

Moreover, the technological novelty of an invention results strongly

linked to our proposed ex-ante patent indicator of diversification of sci-

entific knowledge, so we contribute also to the scientific debate about

the timely topic of the assessing the novelty of radical innovations.

Moreover, starting from the relevant result about the importance of

increasing and acquiring scientific knowledge (together with technolog-

ical knowledge), we examine the relationship between the value of an

innovation, the knowledge recombination, and the firms’ collaborative

efforts with external partners. We study, in particular, how different

types of collaboration with external partners influence the patent’s

value and success, contributing to the literature on open innovation

through a study at patent analysis. The results are interesting and

novel, especially when it comes to linking the types of collaboration

variables to the patent’s value and success.

Based on the open innovation paradigm, firms must rely on an in-

novation model that not only takes into account internal ideas and re-

sources, but also knowledge and skills from outside, in particular from

startups, universities, research institutes and non-competing firms.

Our results follow the open innovation paradigm, showing that al-

liances with scientific entities and with firms specialized in different

types of products increase the value of an innovation, but as the num-

ber of partners of the same type increases, the value of the patent

decreases.
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5.2 Theoretical implications

Our thesis suggests how to understand more comprehensively the fea-

tures of patents that may influence the generation of successful inven-

tions. The empirical findings of this study provide new evidence that

successful inventions involve the use of different scientific knowledge

when inventors recombining knowledge across different technological

domains.

Moreover, we have found the positive correlation between novelty

and value of inventions, indicating that novel inventions tend to be

successful. This result is not trivial, indeed often incremental inven-

tions tend to have large value and novel inventions fail to create any

value. However, the results of the analysis imply that the use of differ-

ent scientific knowledge as background in the construction of a patent

helps in the ability of generating novel and successful inventions, when

inventors recombine between different technological domains and, at

the same time, helps mitigate the risks associated to radical innova-

tions.

We could draw, also, the conclusion that the ex-ante proposed mea-

sure of scientific diversification could be considered as good predictors

of technological novelty; that could lead to using it for patent measure.

When we consider how the value of an innovation changes in case

of firm’ collaboration with other partners, we find that the number of

different types of collaborations increases the value of a patent but as

the number of partners of the same type increases, the value of the

patent decreases, so the collaborations not always increase the patent

value with respect to a situation of no collaboration.

129



From the difference between the coefficient of alliance with similar

firm and that of the number of assignees it is deduced that collabo-

ration even with a single company of the same type leads to negative

values, that is, it would suit not to collaborate or, at least, not to col-

laborate if the intent is to develop value and money from the discovery.

Alliances with scientific entities and with diverse firms, on the con-

trary, increase the value of the innovation, but as the number of part-

ners of the same type increases, the value of the patent decreases.

Finally, our research contributes to the study of the relation be-

tween technological diversification and innovation performance in a

sample of science-based firms (firms that operate in sectors guided by

science: i.e. pharmaceutical, biotechnology, nanotechnology). The ef-

fect of basic research in this relation is also analyzed. The positive

effect of the use of basic research as a source of knowledge for the

development of patents with impact is easily explained. The basic

research, indeed, allows inventors to gain scientific knowledge that is

necessary for subsequent applications in various technological fields. If

the exploration and combination of different technological knowledge

appears associated with an increase of the patent value (Gosh et al.

2009), the use of scientific knowledge itself, in the same way, allows a

better understanding of all the phenomenon and could facilitate the

ability to find new connections between technological areas and new

discoveries.

The trend of the quality (in term of technological impact and value)

of innovation with the technological diversification of a firm appears

similar to a Gaussian with positive asymmetry. The effect of the use

of sources of scientific knowledge in the creation of patents is very rel-

130



evant: it is able to move the Gaussian peak to the left and raise it, in a

diversification-innovation graph. This circumstance implies that, with

the increase in the percentage of the used science, in one side, firms

appear to obtain the maximum impact of the innovation, in average,

with less technological diversification in the patent’s portfolio and, in

the other side, innovations with more impact are obtained in average.

5.3 Practical implications

Possible implications of our thesis for firms regard the learning of

how to manage uncertainties and risks present in radical innovation

projects. Those risks and uncertainties could determine several fi-

nancial losses within the patent portfolio investment. The proposed

solution is to increase the basin of scientific knowledge of the inventors

in order to increase the ability of recombining different knowledge in

a novel and successful way.

The scientific knowledge could be improved, for instance, increas-

ing the investments in R&D projects or developing collaborations of

scientific exchange with other economic subjects (mainly universities

and research centers).

Moreover, the evaluation of the scientific diversification of the

patents of a firm could help the manager of a firm to understand

which patents will probably obtain value and so in which patents it is

worth investing in and which patents should be renewed.

Internal knowledge can be increased with the exploration of new

fields, supported by the acquisition of scientific knowledge, and with
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collaborations with other partners. Specifically, collaborations with

subjects that provide different knowledge than that of the company

are favorable, both scientific (universities and research centers) and

technological (firms that possess knowledge in different sectors).

The study suggests that innovations resulting from the collabora-

tion of many partners for each type do not increase their value, but

on the contrary reduce it. Therefore, it is possible to think that when

many subjects collaborate, the aim is not to create value for their firm

but to find new ideas and acquire new knowledge that can be then

developed individually.

Finallly, the positive impact of the basic research in the qualita-

tive performance of firm’ innovation demonstrates the advantage of

investing in R&D activities, both for firms that focus on core tech-

nology and search innovation exploring fields close to the field of the

existing business activities and for diversified firms. Mostly for di-

versified firms is necessary a good balance of science and technology

because excessive technological diversification, not supported by high

basic research, could nullify the benefits of a portfolio.
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Chapter 6

Appendix 1: Using

Matlab for developing

originals algorithms

that evaluate patent’s

technological

characteristics

We, here, propose the original algorithms written for deriving some

technological characteristics of the sample in thesis’ chapter 2. There-

fore, the sources of technological and scientific literature represents

the backward citations of the sample of patents studied in chapter 2.

Also the technological sub-class assigned to every patent refers to the

sample of patents studied in chapter 2. Nevertheless, the procedure

can be applied to any different sample changing these values.
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6.1 Evaluation of technological diversity

index at sub-group level

We propose the original Matlab algorithm used for the evaluation of

the technological diversity index at sub-group level of a patent of the

sample.

%a l l the c i t e d patents expres sed as a vec to r o f

the IPC components at subgroup l e v e l

ATE193980 =[ ]

AU2006231371=[B01J1300 C01B3312 C01B33152 C01B3316

C01B3346 ]

BR200607020=[B01J1300 C01B3312 C01B33152 C01B3316

C01B3318 C01B3346 C08G77442 C08J412 ]

BR9406431BRPI9406431=[B01J1300 C01B3316 ]

CN101372337CN101372337B=[C01B3314 ]

CN101503195CN101503195B=[C01B3314 ]

CN101671029CN101671029B=[C01B3314 ]

CN101671030CN101671030B=[C01B3314 ]

CN101698584CN101698584B=[C04B1438 C04B2800 ]

CN101791881CN101791881B=[A41D3102 B32B2732 B32B516

]

CN102179230CN102179230B=[B01J2010 B01J2028

B01J2030 ]

CN102557577CN102557577B=[C04B3002 ]

CN102602944CN102602944B=[B09B300 C01B3316 ]

CN102712487CN102712487B=[C01B3316 ]

CN102795826CN102795826B=[C04B2824 ]

CN102964107=[C04B2826 ]

CN102976783=[C04B3800 ]
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CN103102135CN103102135B=[C04B1606 C04B2824 ]

CN103118979CN103118979B=[C01B3316 ]

CN103301787CN103301787B=[B01J1300 ]

CN103435055=[C01B3316 ]

CN104851965=[H01L3516 H01L3534 ]

CN1127631=[A61K800 A61K804 A61K818 A61K825 A61K829

A61K831 A61K855 A61K858 A61K872 A61K889

A61K8891 A61K8894 A61K8895 A61K8897 A61K8898

A61K892 A61Q100 A61Q102 A61Q104 A61Q106 A61Q108

A61Q110 A61Q1704 A61Q1900 C08L8304 ]

CN1214319=[C01B3314 F16L5902 ]

CN1668372CN1331588=[B01J1300 B61D1718 C08J932

C08L10114 E04F1300 E04F1318 ]

DE102006049179=[D01F200 D01F202 D01F916 ]

DE102009042526=[F16L5900 ]

DE102009053784=[C01B3316 ]

DE19939836=[A61K800 A61K802 A61K804 A61K806

A61K819 A61K825 A61K826 A61K827 A61K829 A61K830

A61K837 A61K892 A61Q100 A61Q102 A61Q104 A61Q106

A61Q112 A61Q1500 A61Q1704 A61Q1900 ]

DE2330956=[A45D700 A45D704 A61K800 A61K844 A61K872

A61K873 A61K881 A61K886 A61K891 A61Q504 A61Q506

C08F1600 C08F1638 C08F1808 C08F200 C08F244

C08F21804 C08F28300 C08F28306 C08F29106 C08F844

C08L3906 ]

DE69424995=[B01J1300 C01B3316 ]

EP68671=[C04B2442 C04B4149 C04B4164 C08K505

C08K554 C08L8300 C08L8304 C08L8308 C09D18304 ]

EP122483=[C08G5900 C08G5914 C08G5918 C08G5930

C08G5940 C08G5968 C08K505 C08K55435 C08L6300
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C08L8300 C08L8304 C08L8306 C09D18304 C09D18310

C09J16300 C09J18300 ]

EP171722=[A23J306 A23L1760 B01D1102 B01J1300

B01J3700 C01B3314 C01B33158 C01B3332 C01B3906 ]

EP396076=[C01B33158 C04B1406 C04B3000 F16L5902

F16L5908 ]

EP412704=[A61K800 A61K804 A61K834 A61K837 A61K840

A61K846 A61K889 A61K8891 A61K8895 A61K8897

A61K891 A61Q500 A61Q502 A61Q504 A61Q506 A61Q512

A61Q700 C08L8304 ]

EP412707=[A61K800 A61K834 A61K837 A61K840 A61K846

A61K889 A61K8891 A61K8895 A61Q500 A61Q502

A61Q504 A61Q506 A61Q512 A61Q700 C07F718 C08L8308

C11D182 C11D300 C11D700 ]

EP582152=[A61K8899 A61Q506 A61Q512 C08F28312 ]

EP619111=[A61K800 A61K831 A61K834 A61K835 A61K841

A61K844 A61K887 A61Q506 C08G1808 C08G1865 ]

EP637600=[A61K887 A61Q110 A61Q302 A61Q506 C08G1808

C08G1842 C08G63685 ]

EP640105=[A61K800 A61K834 A61K841 A61K889 A61K8891

A61K8893 A61K8895 A61K891 A61Q1900 A61Q500

A61Q502 A61Q504 A61Q506 A61Q700 C08F29000

C08F29006 C08F29908 C08L8310 C09J15500 C09J15700

C09J18300 C09J18310 C09J406 ]

EP648485=[A61K800 A61K819 A61K825 A61K870 A61K872

A61K873 A61K884 A61K885 A61K887 A61K892 A61Q302 ]

EP656021=[A61K800 A61K834 A61K836 A61K8365 A61K837

A61K840 A61K841 A61K846 A61K887 A61K920 A61K928

A61K932 A61Q506 C08G1800 C08G1808 C08G1830

C08G1842 C08G1865 C08G1866 C08L7504 C09J17506 ]
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EP707518=[B01J1300 C01B3316 ]

EP751162=[A61K800 A61K806 A61K872 A61K887 A61K889

A61K8891 A61K8896 A61K8898 A61K890 A61K891

A61Q100 A61Q110 A61Q302 A61Q502 A61Q506 C08G1808

C08G1861 C08G7742 C08G77452 C08G77458 C08L8308 ]

EP1412415=[C08G7744 C08K322 C08K336 C08K554

C08K5541 C08K55415 C08L8304 C08L8306 C09D18310 ]

EP1457472=[C01B3136 C04B35571 C04B35575 C04B3580 ]

EP1879690=[B01J1300 C01B3312 C01B33152 C01B3316

C01B3346 ]

EP2501653=[C01B33158 C01B3316 ]

FR1222944=[C08F28306 ]

FR1400366=[A61K881 A61Q506 C08F22400 C08F800

C08F830 C08F832 ]

FR1564110=[A61K881 A61Q506 C08F21808 C08F22006 ]

FR1580545=[A61K881 A61Q504 A61Q506 C08F1612

C08F202 C08F2062 C08F21808 ]

FR2077143=[A61K881 A61Q506 C08F22034 C08F22610

C08F2606 C08F800 ]

FR2198719=[A47J2721 H01H3748 H01H3752 H05B306 ]

FR2265781=[A61K800 A61K836 A61K837 A61K881 A61Q506

C08F2062 C08F21804 ]

FR2265782=[A61K800 A61K836 A61K837 A61K881 A61Q506

C08F1800 C08F1802 C08F2062 C08F21808 C08F22000

C08F22004 ]

FR2350384=[C09D500 C09D502 C09D700 ]

FR2357241=[A61K881 A61Q506 ]

FR2393573=[A61K800 A61K804 A61K841 A61K881 A61Q500

A61Q502 A61Q506 A61Q512 ]
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FR2439798=[A61K800 A61K834 A61K872 A61K881 A61Q500

A61Q502 A61Q504 A61Q506 C08F1600 C08F1614

C08F1800 C08F1802 C08F21614 C08F21800 C08F21802

C08F21808 C08F21810 C08F21812 C08F22004 ]

FR2743297=[A61K800 A61K831 A61K834 A61K835 A61K837

A61K839 A61K872 A61K887 A61K889 A61K8891

A61K8896 A61K8898 A61K890 A61Q100 A61Q110

A61Q1900 A61Q302 A61Q500 A61Q506 C08G1808

C08G1861 C08L7504 C08L8310 ]

FR2851915=[A61K837 A61K881 A61Q102 A61Q106 A61Q108

A61Q1900 A61Q302 ]

FR2986422=[A61K806 A61K825 A61K849 A61K892

A61Q1704 ]

FR2986424=[A61K858 A61Q1700 ]

GB814740=[B01J1300 C08G7700 ]

GB839805=[A61K804 A61K881 A61Q506 C08J309 ]

GB1350661=[E04B180 E04C216 F16L5902 ]

JP03063218=[H04R722 H04R902 H04R904 ]

JP07202439=[H05K103 H05K346 ]

JP07257918JP3854645=[C01B33154 C01B3316 C04B3000

C04B3800 ]

JP07505330JP3507492=[A61K9127 A61K950 B01J1302

B01J1306 ]

JP08504674JP2840881=[B01J1300 C01B3316 ]

JP09508055=[A61K800 A61K802 A61K820 A61K823

A61K826 A61K827 A61K828 A61K833 A61K836 A61K849

A61Q1500 B01D900 B01J1300 B01J200 C01F700

C01F748 C01F756 C01G2500 ]

JP11335115=[C01B33158 C01B3316 ]
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JP2001316474=[C08G77442 C09D13302 C09D14304

C09D18302 C09D18304 ]

JP2001524439JP4643823=[C01B33158 C01B3316 ]

JP2002173534=[C08F22606 C08F23008 C08G77442 ]

JP2002509069JP4331894=[B01J1300 C01B33154

C01B33155 C01B3316 ]

JP2003027035=[C09J17908 C09J20100 C09J700 H05K346 ]

JP2003183529JP3901534=[B65D8586 C08J500 C08K324

C08K509 C08L10100 C08L10114 C08L5100 C08L5104

C08L7102 ]

JP2003212999JP4128363=[C01B33159 C08G7702 C09K300

C09K500 ]

JP2005050860=[C08G7310 H05K103 H05K111 H05K346 ]

JP2005116660=[H05K346 ]

JP2005145812JP5103707=[C01B3314 ]

JP2006219446=[A61K31727 A61K3822 A61K4706 A61K4722

A61K4730 A61K4742 A61K914 A61P4300 B01J1300 ]

JP2008222527JP4912190=[C01B33152 C03B802 ]

JP2008537570JP4994360=[C01B3312 C01B33152 C01B3316

C01B3318 C01B3346 C08G77442 C08J312 ]

JP2010167685JP5354266=[B32B2700 B32B708 F16L5902 ]

JP2011136859=[C01B3316 C04B3800 C04B3808 D06M15643

D06M10100 D06M10140 ]

JP2012091943JP5528296=[B32B702 C01B33158 C01B33159

C03C2706 ]

JP2012144428JP5456089=[B01J1300 B01J2010 B01J20281

B01J20291 B01J2032 C01B33154 C01B33155

C01B33159 C01B3316 C01B3318 ]

JP2013203804JP6042085=[C01B33193 C09C100 C09C128

C09C312 C09D1700 C09D20100 C09D712 ]
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JP2013511461=[C01B3316 ]

JP62169392 =[ ]

JP63175636 =[ ]

KR101155503=[E04B188 E04C226 ]

KR101171711=[B32B1514 E04B180 E04C2296 ]

KR101454233=[A47G902 D04H1413 D04H1488 D04H1498 ]

KR19967001693KR100158053 =[ ]

KR20000057244KR100566390=[B01J1300 B01J2010

B01J20281 B01J20291 B01J2032 C01B33154 C01B33155

C01B3316 C01B3318 ]

KR20050084503=[A61F703 A61F708 A61L1544 C09K518

F24V3000 ]

KR20090097747KR100940618=[C04B1404 C04B1410

C04B1606 C04B2424 ]

KR20100002232=[C04B1404 C04B1410 C04B1432 C04B2424

]

KR20100083543KR101072287=[B32B516 B32B712 E04C224 ]

KR20100092683KR101064869=[C01B33141 C01B33157

C01B33158 ]

KR20100098905KR101124383=[D06B304 D06M1177 ]

KR20110082379KR101193987=[C01B3314 C01B33158

D06M1159 D06M1177 ]

KR20120091788=[B29C6306 B32B518 F16L5900 F16L5910 ]

KR20120102711KR101466455=[C01B3314 C01B33146

C01B3316 ]

KR20120113469KR101292796=[E04B194 E04F1510 ]

KR20130022163KR101287805=[B32B528 C03C2524 C08J524

C08L102 ]

KR20130066582=[E04B176 E04B180 F16L59065 ]

KR20140046222=[B63B2902 B63B900 E04B180 F16L5902 ]
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KR20160100082KR101789371=[C01B33158 F16L5902 ]

LU75370=[A61K881 A61Q506 C08F22054 C08F22238 ]

LU75371 =[A61K872 A61K873 A61K881 A61Q302 A61Q506

C08F22054 C08F22238 ]

PT103257=[C01B3312 C01B33152 C01B3316 C01B3346 ]

US20010034375US7470725=[B01J1300 B01J2010

B01J20281 B01J20291 B01J2032 C01B33154 C01B33155

C01B3316 C01B3318 ]

US20020005145US6653356=[B01J1300 B01J2106 B01J3500

C01G23053 C09C136 ]

US20020028385US6500401=[C01B32384 C04B3000

C04B3800 C08K304 H01G900 H01G9155 H01M458

H01M4583 H01M462 H01M496 ]

US20020094426US7078359=[B01J1300 B32B526 C04B1406

C04B3002 D04H100 D04H1300 D06M1179 E04B176

E04B178 H05K900 D06M10140 ]

US20020104599US6986818=[C01B1332 C01F1700 C01F734

C01G102 C01G1500 C01G1902 C01G2502 C01G2702

C01G3300 C01G37033 C01G4100 C01G4301 C01G4902

C06B2100 C06B3300 C06B4700 ]

US20020161114US6858680=[A61L2700 A61L2718 A61L2726

A61L2750 A61L2904 A61L2906 A61L2914 A61L3100

A61L3104 A61L3106 A61L3114 C08G1838 C08G1848

C08G1861 C08G1866 C08J500 C08L10100 C08L7500

C08L7504 ]

US20030007987US6562322=[A61K800 A61K804 A61K818

A61K825 A61K829 A61K831 A61K855 A61K858 A61K872

A61K889 A61K8891 A61K8894 A61K8895 A61K8897

A61K8898 A61K892 A61Q100 A61Q102 A61Q104 A61Q106

A61Q108 A61Q110 A61Q1704 A61Q1900 C08L8304 ]
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US20030055198US6720402=[A61L2700 B29C6100

C08F29904 C08G8100 C08L10100 C08L10116 ]

US20030060519US6620458=[C01F744 C04B35111

C04B35624 C04B3800 ]

US20030077438US6887563=[C04B2612 C04B2826 C04B3002

]

US20030147931US6780422=[A61K800 A61K804 A61K818

A61K825 A61K829 A61K831 A61K855 A61K858 A61K872

A61K889 A61K8891 A61K8894 A61K8895 A61K8897

A61K8898 A61K892 A61Q100 A61Q102 A61Q104 A61Q106

A61Q108 A61Q110 A61Q1704 A61Q1900 C08L8304 ]

US20030176277US6809060=[B01J2118 B01J2340 B01J2346

B01J3708 H01M486 H01M488 H01M492 B01J3718

H01M810 ]

US20030203635US6767476=[B24B3700 C09G102 C09K1304

C09K1520 C09K314 C23F300 H01L21304 H01L21306

H01L21321 ]

US20040029982US7378450=[B01J2118 B01J2340 B01J3510

B01J3702 B01J3703 B01J3708 C04B1434 C04B2000

C04B3000 C04B3800 C04B4150 H01M488 H01M490

H01M492 ]

US20040058808US7005401=[B01J2370 B01J3708 H01M488

H01M490 B01J2106 B01J2118 B01J3702 H01M81018 ]

US20040065619US6843919=[B01D5304 B01D5334 B01J2006

B01J2020 B01J2032 C01B1314 C01F514 C09C102

C09C306 C02F128 C02F150 ]

US20040109986US6919122=[A21B148 A21C1302 B29C3914

B29C3918 B29C7050 B29D2906 B32B2504 B32B316

B32B3700 B65G1534 B65G1542 D06N304 D06N312

F16G108 F16G116 B29C5904 ]
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US20040118748US7087156=[C10G2503 C10G4502 C10G6706

B01J2106 B01J3703 ]

US20040118749US7160438=[C10G2500 C10G6706 ]

US20040120876US7402293=[C01B3312 C01B33158

C01B33159 C09C130 ]

US20040132845US7074880=[B01J1300 C08G7310 C08J928

H01M490 ]

US20040175345US7005134=[A61K800 A61K804 A61K818

A61K825 A61K829 A61K831 A61K855 A61K858 A61K872

A61K889 A61K8891 A61K8894 A61K8895 A61K8897

A61K8898 A61K892 A61Q100 A61Q102 A61Q104 A61Q106

A61Q108 A61Q110 A61Q1704 A61Q1900 C08L8304 ]

US20040176643US6927309=[A01N2522 A01N3108 A01N3114

A01N3736 A01N4102 A01N4104 A01N4110 C07C30986

C07C31714 C07C32126 C07C32128 C07C32360 C08G5940

C11B900 ]

US20040202602US7390474=[B01J2118 B01J2342 B01J3703

B01J3708 B01J3734 C01B3100 C04B3800 C25B1103

C25B1112 H01M486 H01M492 ]

US20050046086US7399439=[B01J1300 B06B102 B29B1512

B29C3508 B29C3914 B29C3916 B29C3918 F16L5902

E04B ]

US20050064279US6906003=[C01B300 F17C1100 ]

US20050066574US7410718=[C04B35524 C04B35624

C04B3583 C10L544 C10L546 C10L548 H01M458 H01M496

H01M800 H01M814 ]

US20050103990US7799726=[B01D5388 B01D5394 B01J2118

B01J2346 B01J2374 B01J3506 B01J3510 B01J37025

C01B3102 C01B3120 C06D504 H01M486 H01M496

B01J23745 B01J23755 B01J3702 B01J3708 B64G140
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H01M490 ]

US20050131163US7071287=[B01J1300 C08G7310 C08J928

H01M490 ]

US20050167891US6989123=[B01J1300 B06B102 B29B1512

B29C3508 B29C3914 B29C3916 B29C3918 F16L5902

E04B ]

US20050192366=[C01B33158 C04B1406 C04B2440

C04B3000 C08J928 G04B ]

US20050192367US7691912=[C01B3300 C01B33158 C08J928

D04H142 ]

US20050215068US7256147=[B01J2106 B01J2342 B01J3504

B01J3700 B01J3708 C04B3546 C04B35524 C04B35624

C04B3800 H01G920 H01M806 ]

US20060036045=[B32B2740 C08G1800 C08L7500 ]

US20060054487US7238261=[B01J1912 C01B3100 ]

US20060078719=[D04H300 ]

US20060088562US7160550=[A61K800 A61K804 A61K818

A61K825 A61K829 A61K831 A61K855 A61K858 A61K872

A61K889 A61K8891 A61K8894 A61K8895 A61K8897

A61K8898 A61K892 A61Q100 A61Q102 A61Q104 A61Q106

A61Q108 A61Q110 A61Q1704 A61Q1900 C08L8304 ]

US20060093808US7270851=[B32B2700 ]

US20060099139US7282466=[C01B1700 C01B3100 C01B3102

]

US20060116433US7691911=[B29C4434 ]

US20060154195=[A61C300 ]

US20060155376US7780875=[A61F228 ]

US20060199455US7504346=[B01J1300 B32B1702 B32B502

B32B526 C03C300 C04B1406 C04B3002 D04H100

D04H1300 D06M1179 E04B176 E04B178 H05K900
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D06M10140 ]

US20060229374US8461223=[B29C4434 ]

US20060246027=[A61K819 A61K889 ]

US20060281828US8029871=[B29C7104 ]

US20060293434=[C08K304 ]

US20070092468=[A61K800 A61K804 A61K818 A61K825

A61K829 A61K831 A61K855 A61K858 A61K872 A61K889

A61K8891 A61K8894 A61K8895 A61K8897 A61K8898

A61K892 A61Q100 A61Q102 A61Q104 A61Q106 A61Q108

A61Q110 A61Q1704 A61Q1900 C08L8304 ]

US20070134488US7858188=[B32B2720 B32B516 C08K304 ]

US20070142222=[B01J2108 B01J2118 B01J2340 B01J3510

B01J3702 B01J3703 B01J3708 C04B1434 C04B2000

C04B3000 C04B3800 C04B4150 H01M488 H01M490

H01M492 ]

US20070152363=[B29C6500 ]

US20070154698=[B32B1302 B32B904 ]

US20070166222US7691909=[C01B3102 C01B3104 ]

US20070173157=[B32B2712 ]

US20070222116US7560062=[B29C4302 B29C4322 B29C5902

]

US20070231576=[B32B2736 ]

US20070292732US7816413=[B01J1300 C08J302 H01M810 ]

US20080093016US7780890=[B01J1300 B06B102 B28B114

B29B1512 B29C3508 B29C3914 B29C3916 B29C3918

B32B2704 F16L5902 E04B ]

US20080188575US7737189=[C01B3312 C01B33152

C01B33155 C01B3316 C01B3346 ]

US20080200432=[A61K31695 A61P4300 C07F704 ]

US20080229704=[E04C202 E04C254 ]
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US20080261116US8828481=[B05D512 H01M404 H01M413

H01M4139 H01M458 H01M4587 H01M10052 H01M1036 ]

US20080307737US7947354=[E04B162 ]

US20090018232=[C08F246 ]

US20090087665US7931940=[B05D302 B32B1706 B32B2732

B32B2736 G02B111 G02B1111 G02B114 ]

US20090104401=[B01J1918 B32B2728 B32B310 C08J928 ]

US20090123358=[C01B3312 ]

US20090178933=[B29B900 C30B3006 ]

US20090185327US7986509=[B05D512 H01G9022 H01G9042

H01M1004 H01M448 H01M450 H01M452 ]

US20090229032=[A41D100 A41D2700 B01J1300 B32B2712

B32B306 B32B526 C04B1406 C04B3002 D04H100

D04H1300 D06M1179 E04B176 E04B178 H05K900

D06M10140 ]

US20090247648US8084506=[A61K4724 A61Q1900 ]

US20090317619=[B32B326 C03C3062 ]

US20100028634=[B05D512 B32B1706 B32B2728 B32B2730

B32B2732 B32B2736 B32B2738 B32B2740 B32B702

B32B900 ]

US20100075024US7927666=[B05D512 C08K304 ]

US20100107381US8214980=[D04H146 D04H502 ]

US20100139823US8172964=[C06B4504 ]

US20100140532US8383238=[E04B178 ]

US20100140840US8021583=[B29C5518 C04B2400 C08K500

C08L2306 C09D500 ]

US20100155644=[C08J928 D04H142 E04B174 ]

US20100187484US8685287=[H01B104 H01B124 ]

US20100190639=[B01J2118 B01J2306 B01J2372 B01J2374

]
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US20100304078=[B32B500 G01N1910 ]

US20110002086US8404384=[B32B900 C01B3100 H01B124

H01B500 H01G9155 ]

US20110024698=[H01B104 H01B112 B82Y3000 ]

US20110065820US8679808=[C08J900 B82Y3000 ]

US20110086100US9125872=[A61K3116 A61K31337

A61K31351 A61K3140 A61K314375 A61K314439

A61K31573 A61K317048 A61K317068 A61K3813

A61K3818 A61K3821 A61K3828 A61K914 ]

US20110245359=[C08G7738 C08J928 ]

US20120028798US8809230=[B01J2118 B01J3200 C23C1626

C23C1644 H01B104 B82Y3000 B82Y4000 ]

US20120037854US9087625=[B05D300 B05D302 B05D512

H01B124 B82B300 B82Y9900 ]

US20120065163US9498654=[A61K858 A61Q1900 ]

US20120077006US8629076=[B05D300 B05D302 B05D722

B32B518 B32B904 B82Y3000 ]

US20120083543=[C08J928 ]

US20120097907US9115025=[B05D302 B28B114 B29C3922

B29C4708 B29C6700 C09K2102 E04B174 ]

US20120122652US8664143=[B01J2118 B82Y3000 B82Y4000

]

US20120136079US8906973=[C08G7702 C08J928 ]

US20120152846=[B01D1500 C01B3102 C08G1800 C08J900

B82B100 B82B300 B82Y3000 ]

US20120168095=[A47H2300 A47H2304 ]

US20120175546US8952119=[E04B178 ]

US20120220679US8697766=[B02C1900 C08G1832 C08J928 ]

US20120228545US9266743=[C01B3316 C09K300 ]
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US20130005842US9133280=[C08F13606 C08F834 C08J928

C08K702 ]

US20130022769=[B32B102 B32B108 B32B518 E04B178

F16L5900 ]

US20130260135=[B32B326 ]

US20130287661US9302247=[B01D5362 B01J2030 ]

US20130296596US8889749=[C07F718 ]

US20130330262US8652432=[C01B3312 ]

US20140170350US9808964=[B29C3900 E04B178 ]

US20140350134US9206298=[C08J928 ]

US20150065590US9512287=[C08J928 ]

US20150082590=[D06B310 ]

US20150141533US9764301=[B01J1300 ]

US20150176748=[B32B3706 B32B3712 B32B3714 F16L5902

]

US20150325771US9276190=[H01L3514 H01L3534 ]

US20160046495US10160655=[C01B3314 F16L59065

F26B516 ]

US20160090463=[C08G1822 C08J928 ]

US20160115368US9856411=[C09K8508 E21B3100 E21B3312

]

US20160272777US9469739=[B65D6538 B65D7500 C08G6106

C08J900 C08J928 C08K710 ]

US20160289387US9505885=[C08G7306 C08J312 ]

US20170114249=[C09D18308 C09D508 ]

US2047398=[C08F2200 C08F800 ]

US2102113=[F02M1903 F02M310 ]

US2188007=[A61K3334 B01J1300 B01J2006 B01J2100

B01J2108 C01B3314 C01B33158 C04B3800 ]

US2723248=[C08L3904 ]
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US3589578=[B65H23188 D06H304 ]

US3672833=[B01J1300 C01B33158 ]

US3734874=[C08G63672 C08G63688 C08G6944 C08L6700 ]

US3779993=[C08G63672 C08G63688 C08G6944 C08L6700 ]

US3836537=[A61K881 A61Q506 C08F2034 C08F2052

C08F2060 ]

US3838082=[B01D3908 C03C2530 C09D12718 ]

US3940426=[C07C5109 C07C51265 C07C5127 C07C51573

C07C67343 ]

US4031307=[C08B3714 ]

US4119680=[C08G63688 C08L6706 ]

US4128631=[A61K881 A61Q1704 A61Q1900 A61Q1910

A61Q500 A61Q902 C11D337 ]

US4131576=[C08F232 C08F25100 ]

US4300580=[A61K885 A61Q506 ]

US4363738=[C04B2602 C04B2800 C04B3002 C04B3200 ]

US4376674=[D21H1767 D21H1768 D21H2328 D21J108

D21J116 ]

US4447345=[B32B1800 B32B1900 B32B904 C04B2602

C04B3002 C04B3200 C04B3800 C04B3808 F16L5902

F16L5905 ]

US4515656=[D21F1100 ]

US4610863=[B01J1300 C01B33158 C04B3800 ]

US4619908=[B01J1300 B01J3703 C01B1332 C01B33152

C01B33158 C01F704 C01F736 C01G23053 C01G902

C07C51265 C07C5131 C08F402 ]

US4667417=[A23J306 A23L1760 B01D1102 B01J1300

B01J3700 C01B3314 C01B33158 C01B3332 C01B3906 ]

US4681615=[C03B1912 C03B802 C03C100 C03C306 ]
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US4693935=[C08F29006 C09J15100 C09J15500 C09J18300

C09J18310 C09J20100 C09J20102 C09J20110 C09J400

C09J702 ]

US4717708=[B01J1300 B01J20281 B01J20283 B01J20284

B01J2100 B01J2106 B01J2112 B01J2300 B01J2306

B01J23656 B01J2700 B01J3510 B01J3703 C01B1318

C01B1332 C01B33158 C01F736 C01G23053 C01G902

C08F1000 C08F400 C08F460 C08F464 G01N3088 ]

US4728571=[C08F23008 C08F26300 C08F26304 C08F26500

C08F26506 C08F28500 C08F29100 C08F3008

C08G77442 C09D18304 C09D18310 C09J14304

C09J14500 C09J15100 C09J15106 C09J18300

C09J18310 C09J702 ]

US4923547=[C08J508 D04H100 D04H160 ]

US4958002=[C07C51573 C08G7310 ]

US4972037=[A61K4724 A61K804 A61K872 A61K889

A61K8891 A61K8894 A61K8897 A61K891 A61K970

A61Q1900 A61Q500 C08F22022 C08F28301 C08F29900 ]

US4973656=[C08G63688 C08G6944 C08L6700 C08L6702

C08L7712 C09D16700 C09D16702 C09D17700 C09D17712

]

US5023208=[C01B3312 C03B802 C03C100 C03C102 ]

US5124364=[C08J914 C08J932 C08J935 C08K336 C08K700

C08K726 C08L2504 ]

US5258530=[B01J2713 B01J2725 B01J3104 B01J3122

C07B6100 C07C63331 C07D30789 ]

US5260855=[C04B3800 C08G804 C08G820 H01G900

H01G9155 ]

US5275796=[B01J1300 C01B33158 C03C100 ]

US5306555=[C01B33158 C04B3800 ]
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US5334648=[C03C2534 C08K714 C08L6124 C08L5106 ]

US5409683=[B01J1300 C01B33158 C03C100 ]

US5565142=[B01J1300 C01B3316 ]

US5601938=[H01M496 H01M808 H01M492 ]

US5660816=[A61K800 A61K802 A61K804 A61K831 A61K834

A61K836 A61K8362 A61K8368 A61K881 A61K885

A61Q506 ]

US5662893=[A61K800 A61K802 A61K804 A61K831 A61K834

A61K836 A61K8362 A61K8368 A61K881 A61K885

A61Q500 A61Q506 ]

US5674479=[A61K800 A61K802 A61K804 A61K831 A61K834

A61K836 A61K8362 A61K8368 A61K881 A61K885

A61Q500 A61Q506 ]

US5698140=[B01J2118 C01B300 H01G900 H01G9155

H01M400 H01M436 ]

US5705535=[B01J1300 B01J2108 B01J3200 B01J3703

B01J3734 C01B33158 C01B3316 C08J928 ]

US5746992=[C01B33158 ]

US5786059=[B32B502 B32B516 D01F804 D04H1413

D04H1435 D04H14374 D04H154 D04H1541 D04H155

D04H1300 ]

US5789075=[B01J1300 C01B3516 C04B2824 C04B3002

C04B3514 C04B3800 ]

US5795557=[B01D1100 C01B33158 C01B3316 ]

US5800816=[A61K800 A61K804 A61K818 A61K825 A61K829

A61K831 A61K855 A61K858 A61K872 A61K889

A61K8891 A61K8894 A61K8895 A61K8897 A61K8898

A61K892 A61Q100 A61Q102 A61Q104 A61Q106 A61Q108

A61Q110 A61Q1704 A61Q1900 C08L8304 ]

US5830387=[C01B33158 ]
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US5855953=[C04B4145 C04B4181 C23C1604 C23C1616

C23C1618 C23C1626 C23C1644 ]

US5866027=[B01J1300 C01B1332 C01B3316 C04B2824

C04B3002 C04B3800 ]

US5911658=[C01B33158 ]

US5911974=[A61K800 A61K804 A61K818 A61K825 A61K829

A61K831 A61K855 A61K858 A61K872 A61K889

A61K8891 A61K8894 A61K8895 A61K8897 A61K8898

A61K892 A61Q100 A61Q102 A61Q104 A61Q106 A61Q108

A61Q110 A61Q1704 A61Q1900 C08L8304 ]

US5962539=[B01J1300 C08J928 ]

US5965112=[A61K800 A61K804 A61K818 A61K825 A61K829

A61K831 A61K855 A61K858 A61K872 A61K889

A61K8891 A61K8894 A61K8895 A61K8897 A61K8898

A61K892 A61Q100 A61Q102 A61Q104 A61Q106 A61Q108

A61Q110 A61Q1704 A61Q1900 C08L8304 ]

US5966832=[F26B2100 F26B2114 F26B2500 F26B516

F26B700 ]

US5972254=[B01J1300 C04B3800 ]

US5973015=[B01J1300 ]

US5985298=[A61K800 A61K804 A61K818 A61K825 A61K829

A61K831 A61K855 A61K858 A61K872 A61K889

A61K8891 A61K8894 A61K8895 A61K8897 A61K8898

A61K892 A61Q100 A61Q102 A61Q104 A61Q106 A61Q108

A61Q110 A61Q1704 A61Q1900 C08L8304 ]

US6017505=[B01J1300 B01J204 C01B1332 C01B33158

C01G1902 C01G23047 C01G2502 C01G3702 ]

US6040375=[C01B33158 C04B2602 C04B3808 C08J900

C08J902 C08J904 C08J912 ]

US6068882=[C04B1430 C04B1446 C04B2000 C04B3002 ]
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US6080475=[C04B1404 C04B1406 C04B1604 C04B2800

C04B2802 C04B2824 C04B3808 E04B178 ]

US6083619=[C04B1404 C04B1406 C04B2800 C04B2802

C04B3313 C04B3514 C04B3516 ]

US6087407=[B01J1300 ]

US6103036=[B29C6342 C04B3000 ]

US6127306=[B01J2108 B01J3102 B01J3116 B01J3120

B01J3124 B01J3703 C01B33158 C09K506 ]

US6140377=[C01B33158 C01B3316 C04B1406 ]

US6143400=[C04B1404 C04B1406 C04B2600 C04B3002

C04B3808 C09J12904 C09J12914 C09J16106 C09J16124

C09J16128 C04B11128 C04B11140 ]

US6187250=[B01J2026 B29C3916 C08F201 C08F2056

G01N27447 ]

US6197270=[C01B33158 ]

US6447991=[B01D4508 G01N122 ]

US6464964=[A61K800 A61K804 A61K818 A61K825 A61K829

A61K831 A61K855 A61K858 A61K872 A61K889

A61K8891 A61K8894 A61K8895 A61K8897 A61K8898

A61K892 A61Q100 A61Q102 A61Q104 A61Q106 A61Q108

A61Q110 A61Q1704 A61Q1900 C08L8304 ]

US6472067=[B29C4318 B29C4320 B29C4358 B32B2704

C08J524 ]

US6479416=[C04B3002 D04H154 D04H1542 D04H1300 ]

US6592776=[B24B3700 C09G102 C09K1304 C09K1520

C09K314 C23F300 H01L21304 H01L21306 H01L21321 ]

US6620355=[B01J1300 B01J220 C01B1314 ]

US6656527=[B01J1300 C01B1332 C01B3312 C01B33158

H01L21316 ]
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US6670402=[B01D1200 B01J1300 B01J1908 B01J300

C01B1314 C01B1332 C01B33158 ]

US6764667=[B01J1300 C01B33158 C01B3316 ]

US7442747=[C08F28300 C08G802 C08G828 C08L6100

C08L6106 C08L8100 ]

US8067478=[C08F28300 C08F28312 C08G1848 C08G7700

C08G7738 C08J900 ]

US8568563=[D21H1340 D21H2134 D21H2328 ]

WO200145651=[A61K800 A61K804 A61K831 A61K837

A61K881 A61K886 A61K892 A61K897 A61Q506 C11D318

C11D337 ]

WO200357367=[B01J2118 B01J2340 B01J3510 B01J3702

B01J3703 B01J3708 C04B1434 C04B2000 C04B3000

C04B3800 C04B4150 H01M488 H01M490 H01M492 ]

WO200441398=[B01D1508 B01J2010 B01J2022 B01J2026

B01J20285 B01J20286 B32B514 C08F2056 C08F23008

C08F26510 C08F28312 C08G7720 C08G77442 C08L5300

G01N3036 B01D ]

WO200460660=[B32B2730 B32B2734 B32B702 B32B712

H01L2314 H05K103 H05K105 H05K346 ]

WO200602440=[B32B2700 ]

WO2006102568=[H01L2924 ]

WO2006107226=[B01J1300 C01B3312 C01B33152 C01B3316

C01B3346 ]

WO2006114420=[C09C130 C09C136 C09C142 C09C312

C09D100 ]

WO200710949=[C08G7704 ]

WO2007146945=[B32B2740 ]

WO200751511=[A61K802 A61K825 A61Q506 ]

WO200800163=[C01B3102 ]
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WO2008110818=[E04B176 E04B180 ]

WO2008129281=[E04B180 ]

WO2008134712 =[ ]

WO200844873=[C01B33159 ]

WO200851029=[B32B308 ]

WO2009120602=[A61K825 A61K858 A61Q100 A61Q1900 ]

WO200959869=[A61K825 A61K858 A61K8891 A61Q506 ]

WO200992819=[A61K930 A61K948 ]

WO201054980=[A61K804 A61K825 A61K881 A61Q506 ]

WO2012162644=[B01J2010 B41M500 ]

WO201285855=[A61K804 A61K825 A61K858 A61K872

A61K881 A61K889 A61K8891 A61K8899 A61K892

A61Q100 A61Q102 A61Q112 ]

WO201309984=[B01J208 B01J2106 C01B3304 C01B33158 ]

WO2013116733=[B32B326 C04B2602 C04B2802 ]

WO201387927=[A61K825 A61K881 A61Q100 A61Q1900

A61Q500 ]

WO2014128680=[A61K804 A61K826 A61K873 A61K881

A61K889 A61K892 A61Q104 ]

WO201619308=[C07F704 C08J3075 C08L3308 ]

WO9203378=[B01J1300 C01B33158 C03C100 ]

WO9220623=[C01B3316 ]

WO9323009=[A61K800 A61K836 A61K839 A61K872 A61K889

A61K8891 A61K8899 A61K890 A61K891 A61Q100

A61Q102 A61Q104 A61Q106 A61Q110 A61Q1100

A61Q1500 A61Q1704 A61Q1900 A61Q1910 A61Q300

A61Q302 A61Q500 A61Q502 A61Q506 A61Q512

C08F28312 C08G7720 C08G7728 C08G77392 C08G7742

C08G77442 C08L5108 ]
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WO9403510=[A61K800 A61K834 A61K836 A61K8365

A61K837 A61K840 A61K841 A61K846 A61K887 A61K920

A61K928 A61K932 A61Q506 C08G1800 C08G1808

C08G1830 C08G1842 C08G1865 C08G1866 C08L7504

C09J17506 ]

WO9425149=[B01J1300 C01B3316 ]

WO9500578=[C08F1200 C08F842 C08G7742 C08G77442

C08G8102 C08J518 C08L2302 C08L8306 C08L8308 ]

WO9518191=[C08G63688 C08G6944 C09J16700 C09J16702

C09J17700 C09J17712 C09J500 C09J504 D06M15555

D06M1700 ]

WO9708261=[C08G63688 C09D16502 C09J16502 C09J16700

C09J16702 C08G6366 ]

WO9720899=[B32B712 C08G63688 C08G6944 C09J16702

C09J16706 C09J17712 C09J506 ]

%bc= number o f c i t e d patent

bc=2

v=1

for i =1:( bc - 1)

v=[v , 1 ]

end

A=ones ( bc ) - d iag ( v )

%patent 1 o f the sample

E=[US20150325771US9276190 CN104851965 ]

F=tabu la t e (E)

q=(F ( : , 3 ) /100) . ˆ 0 . 5

H= wentropy (q , ’ shannon ’ )

156



%j a c k k n i f e method

for i =1:bc

C=[A(1 , i )∗US20150325771US9276190 A(2 , i )∗
CN104851965 ]

D=tabu la t e (C)

n=length (D)

%frequency

p=D( 2 : n , 2 ) /(sum(D( : , 2 ) ) - D(1 , 2 ) )

s=p . ˆ 0 . 5

%H index

e ( i ) = wentropy ( s , ’ shannon ’ )

end

HJ=mean( e )

6.2 Evaluation of scientific diversity in-

dex

We propose the original Matlab algorithm used for the evaluation of

the scientific diversity index of a patent of the sample.

%a l l the c i t e d s c i e n t i f i c r e f e r e n c e s o f the

patents o f the sample , conta in ing Web o f Sc i ence

j ou r na l a r t i c l e s , c on f e r ence proceed ings , books

and chapter s
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B1=[ Chemi s t ryMul t id i s c ip l i na ry ]

B2=[ NanoscienceNanotechnology

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

B3=[ Chemi s t ryMul t id i s c ip l i na ry

GreenSusta inableSc ienceTechnology

Engineer ingChemical ]

B4=[ M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y

Meta l l u rgyMeta l l u rg i ca lEng inee r ing ]

B5=[ M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y

Meta l l u rgyMeta l l u rg i ca lEng inee r ing ]

B6=[ M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y

Meta l l u rgyMeta l l u rg i ca lEng inee r ing ]

B7=[ Acoust i c s ]

B8=[ ChemistryPhys ica l EnergyFuels

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y Phys icsAppl ied

PhysicsCondensedMatter ]

B9=[ ChemistryPhys ica l EnergyFuels

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y Phys icsAppl ied

PhysicsCondensedMatter ]

B10=[ Chemi s t ryMul t id i s c ip l i na ry ChemistryPhysica l

NanoscienceNanotechnology

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y Phys icsAppl ied

PhysicsCondensedMatter ]

B11=[ Chemi s t ryMul t id i s c ip l i na ry ChemistryPhysica l

NanoscienceNanotechnology

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y Phys icsAppl ied

PhysicsCondensedMatter ]

B12=[ Chemi s t ryMul t id i s c ip l i na ry ChemistryPhysica l

NanoscienceNanotechnology

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y Phys icsAppl ied
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PhysicsCondensedMatter ]

B13=[ Chemi s t ryMul t id i s c ip l i na ry ChemistryPhysica l

NanoscienceNanotechnology

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y Phys icsAppl ied

PhysicsCondensedMatter ]

B14=[ Chemi s t ryMul t id i s c ip l i na ry ChemistryPhysica l

NanoscienceNanotechnology

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y Phys icsAppl ied

PhysicsCondensedMatter ]

B15=[ Chemi s t ryMul t id i s c ip l i na ry ]

B16=[ Chemi s t ryMul t id i s c ip l i na ry ]

B17=[ Chemi s t ryMul t id i s c ip l i na ry ]

B18=[ Chemi s t ryMul t id i s c ip l i na ry ]

B19=[ Chemi s t ryMul t id i s c ip l i na ry ]

B20=[ ChemistryPhysica l Environmenta lSc iences ]

B21=[ NanoscienceNanotechnology

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

B22=[ NanoscienceNanotechnology

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

B23=[ NanoscienceNanotechnology

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

B24=[ NanoscienceNanotechnology

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

B25=[ NanoscienceNanotechnology

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

B26=[ Phys icsAppl ied ]

B27=[ ChemistryPhysica l

Mate r i a l sSc i enceCoat ingsF i lms Phys icsAppl ied

PhysicsCondensedMatter ]
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B28=[ Engineer ingBiomedica l

M a t e r i a l s S c i e n c e B i o m a t e r i a l s ]

B29=[ ChemistryPhysica l

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

B30=[ ChemistryPhysica l

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

B31=[ ChemistryPhysica l

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

B32=[ ChemistryPhysica l

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

B33=[ ChemistryPhysica l

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

B34=[ ChemistryApplied ChemistryPhys ica l

Engineer ingChemical ]

B35=[ ChemistryPhysica l

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

B36=[ ChemistryPhysica l

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

B37=[ ChemistryPhysica l

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

B38=[ ChemistryPhysica l

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

B39=[ ChemistryPhysica l

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

B40=[ ChemistryPhysica l

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

B41=[ ChemistryPhysica l

PhysicsAtomicMolecularChemical ]

B42=[ Chemi s t ryMul t id i s c ip l i na ry ]

B43=[ Chemi s t ryMul t id i s c ip l i na ry ]
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B44=[ E lec t rochemi s t ry ]

B45=[ M a t e r i a l s S c i e n c e T e x t i l e s ]

B46=[ Engineer ingChemical ]

B47=[ E n g i n e e r i n g M u l t i d i s c i p l i n a r y

Instruments Inst rumentat ion ]

B48=[Thermodynamics Engineer ingMechanica l

Mechanics ]

B49=[ Engineer ingChemical

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y Mechanics ]

B50=[ Mater ia l sSc i enceCeramics ]

B51=[ Mater ia l sSc i enceCeramics ]

B52=[ Mater ia l sSc i enceCeramics ]

B53=[ Mater ia l sSc i enceCeramics ]

B54=[ ChemistryPhysica l Engineer ingChemical ]

B55=[ ChemistryPhysica l ]

B56=[ ChemistryPhysica l ]

B57=[ ChemistryPhysica l ]

B58=[ ChemistryPhysica l

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

B59=[ ChemistryPhysica l

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

B60=[ ChemistryPhysica l

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

B61=[ ChemistryPhysica l

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

B62=[ ChemistryPhysica l

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

B63=[ ChemistryPhysica l

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]
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B64=[ E n g i n e e r i n g I n d u s t r i a l

Engineer ingManufactur ing

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

B65=[ E n g i n e e r i n g I n d u s t r i a l

Engineer ingManufactur ing

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

B66=[ M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

B67=[ M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

B68=[ M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

B69=[ M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

B70=[ M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

B71=[ M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

B72=[ ChemistryPhysica l ]

B73=[ ChemistryApplied ChemistryPhys ica l

EnergyFuels Engineer ingChemical ]

B74=[ Mater ia l sSc i enceCeramics

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

B75=[ Mater ia l sSc i enceCeramics

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

B76=[ Mater ia l sSc i enceCeramics

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

B77=[ Mater ia l sSc i enceCeramics

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

B78=[ Mater ia l sSc i enceCeramics

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

B79=[ Mater ia l sSc i enceCeramics

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

B80=[ Mater ia l sSc i enceCeramics

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]
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B81=[ Mater ia l sSc i enceCeramics

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

B82=[ Mater ia l sSc i enceCeramics

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

B83=[ Mater ia l sSc i enceCeramics

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

B84=[ Mater ia l sSc i enceCeramics

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

B85=[ Mater ia l sSc i enceCeramics

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

B86 =[ ]

B87=[ ChemistryPhysica l ]

B88=[ ChemistryPhysica l NanoscienceNanotechnology

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

B89=[ Phys icsAppl ied ]

B90 =[ ]

B91 =[ ]

B92=[ ChemistryApplied ChemistryPhys ica l

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

B93=[ ChemistryPhysica l E l e c t rochemi s t ry

EnergyFuels M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

B94=[ ChemistryPhysica l E l e c t rochemi s t ry

EnergyFuels M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

B95=[ ChemistryInorganicNuclear ChemistryPhysica l ]

B96=[ Mater ia l sSc i enceCeramics ]

B97=[ Mater ia l sSc i enceCeramics ]

B98=[ ChemistryPhysica l Engineer ingChemical ]

B99=[ Chemi s t ryMul t id i s c ip l i na ry ChemistryPhysica l

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]
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B100=[ Chemi s t ryMul t id i s c ip l i na ry ChemistryPhysica l

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

B101=[ Chemi s t ryMul t id i s c ip l i na ry ChemistryPhysica l

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

B102=[ Chemi s t ryMul t id i s c ip l i na ry ChemistryPhysica l

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

B103=[ PolymerScience ]

B104=[ M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y

Phys icsAppl ied ]

B105=[ M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

B106=[ M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y

PhysicsCondensedMatter ]

B107=[ M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y

Meta l l u rgyMeta l l u rg i ca lEng inee r ing ]

B108=[ ChemistryApplied ChemistryPhysica l

NanoscienceNanotechnology

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

B109=[ ChemistryApplied ChemistryPhysica l

NanoscienceNanotechnology

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

B110=[ E n g i n e e r i n g E l e c t r i c a l E l e c t r o n i c

NanoscienceNanotechnology

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y Phys icsAppl ied

]

B111=[ Chemi s t ryMul t id i s c ip l i na ry ChemistryPhysica l

NanoscienceNanotechnology

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y Phys icsAppl ied

PhysicsCondensedMatter ]

B112=[ Chemi s t ryMul t id i s c ip l i na ry ChemistryPhysica l

NanoscienceNanotechnology
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M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y Phys icsAppl ied

PhysicsCondensedMatter ]

B113=[ Chemi s t ryMul t id i s c ip l i na ry ChemistryPhysica l

NanoscienceNanotechnology

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y Phys icsAppl ied

PhysicsCondensedMatter ]

B114=[ Chemi s t ryMul t id i s c ip l i na ry

NanoscienceNanotechnology

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y Phys icsAppl ied

]

B115=[ NanoscienceNanotechnology

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y Phys icsAppl ied

]

B116=[ NanoscienceNanotechnology

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y Phys icsAppl ied

]

B117=[ M u l t i d i s c i p l i n a r y S c i e n c e s ]

B118=[ M u l t i d i s c i p l i n a r y S c i e n c e s ]

B119=[ M u l t i d i s c i p l i n a r y S c i e n c e s ]

B120=[ M u l t i d i s c i p l i n a r y S c i e n c e s ]

B121=[ Chemi s t ryMul t id i s c ip l i na ry ]

B122=[ ChemistryPhysica l

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y Phys icsAppl ied

PhysicsCondensedMatter ]

B123=[ NanoscienceNanotechnology

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

B124 =[ ]

B125=[ PolymerScience ]

B126=[ Mater ia l sSc i enceCompos i te s PolymerScience ]

165



B127=[ Chemi s t ryMul t id i s c ip l i na ry

Mater ia l sSc i enceCompos i te s PolymerScience ]

B128=[ P h y s i c s M u l t i d i s c i p l i n a r y ]

B129=[ M u l t i d i s c i p l i n a r y S c i e n c e s ]

B130=[ M u l t i d i s c i p l i n a r y S c i e n c e s ]

B131=[ M u l t i d i s c i p l i n a r y S c i e n c e s ]

B132=[ M u l t i d i s c i p l i n a r y S c i e n c e s ]

B133=[ M u l t i d i s c i p l i n a r y S c i e n c e s ]

B134=[ ChemistryInorganicNuclear ChemistryPhysica l

PhysicsCondensedMatter ]

B135=[ Engineer ingChemical ChemistryPhysica l

Mater ia l sSc i enceCompos i te s

Mate r i a l sSc i enceCoat ingsF i lms

PhysicsCondensedMatter ]

B136=[ M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y

Mater i a l sSc i enceCoat ingsF i lms Phys icsAppl ied

PhysicsCondensedMatter ]

OPA1=[ Engineer ingChemical

Chemi s t ryMul t id i s c ip l i na ry

E n g i n e e r i n g M u l t i d i s c i p l i n a r y

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

CP1=[ ChemistryPhys ica l E l ec t rochemi s t ry

EnergyFuels ]

CP2=[ Mater ia l sSc i enceCeramics

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

CP3=[ Mater ia l sSc i enceCeramics

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

CP4=[ Mater ia l sSc i enceCeramics

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]
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CP5=[ Mater ia l sSc i enceCeramics

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

CP6=[ ChemistryPhys ica l Engineer ingChemical ]

CP7=[Thermodynamics ChemistryAnalyt ica l

ChemistryPhysica l ]

CP8=[ NanoscienceNanotechnology

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

CP9=[ NanoscienceNanotechnology

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

CP10=[ NanoscienceNanotechnology

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

CP11=[ NanoscienceNanotechnology

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

CP12=[ Chemi s t ryMul t id i s c ip l i na ry ]

CP13=[ ChemistryPhysica l PhysicsCondensedMatter ]

L1=[ Engineer ingChemical

Mate r i a l sSc i enceCoat ingsF i lms

Mater ia l sSc i enceCompos i te s ]

L2=[ Mater ia l sSc i enceCeramics

Mate r i a l sSc i enceCoat ingsF i lms ]

L3=[ Chemi s t ryMul t id i s c ip l i na ry Engineer ingChemical

]

L4=[ PhysicsCondensedMatter

P h y s i c s M u l t i d i s c i p l i n a r y

M a t e r i a l s S c i e n c e M u l t i d i s c i p l i n a r y ]

L5=[ ChemistryPhysica l Chemi s t ryMul t id i s c ip l i na ry ]

L6=[ Chemi s t ryMul t id i s c ip l i na ry ]

L7=[ PhysicsCondensedMatter

NanoscienceNanotechnology

P h y s i c s M u l t i d i s c i p l i n a r y ]
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L8=[ E n g i n e e r i n g E l e c t r i c a l E l e c t r o n i c Thermodynamics

Mechanics ]

CH1=[ P h y s i c s P a r t i c l e s F i e l d s ]

CH2=[ NanoscienceNanotechnology

E n g i n e e r i n g M u l t i d i s c i p l i n a r y Engineer ingChemical

]

CH3=[ Chemi s t ryMul t id i s c ip l i na ry

Engineer ingChemical ]

% bc= number o f c i t e d s c i e n t i f i c r e f e r e n c e s

bc=3

v=1

for i =1:( bc - 1)

v=[v , 1 ]

end

A=ones ( bc ) - d iag ( v )

% patent 1 o f the sample

E=[B16 L4 CH2]

F=tabu la t e (E)

q=(F ( : , 3 ) /100) . ˆ 0 . 5

H= wentropy (q , ’ shannon ’ )

%j a c k k n i f e method

for i =1:bc

C=[A(1 , i )∗B16 A(2 , i )∗L4 A(3 , i )∗CH2]

D=tabu la t e (C)

n=s i z e (D, 1 )
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%frequency

p=D( 2 : n , 2 ) /(sum(D( : , 2 ) ) -D(1 , 2 ) )

s=p . ˆ 0 . 5

%H index

e ( i ) = wentropy ( s , ’ shannon ’ )

end

HJ=mean( e )

6.3 Evaluation of technological novelty

We propose the original Matlab algorithm used for the evaluation

of the technological novelty, measured as the number of new pairs of

technological knowledge at sub-group level (according to the IPC clas-

sification) of the patents in the sample.

%IPC of the patents o f the sample

%2019

B1=[B65D081 ]

B2=[B60C001 C08K003 C08K005 C08K013 C08L007

C08L009 C08L091 ]

B3=[C09D005 C09D007 C09D101 C09D133 ]

B4=[C01B033 ]

B5=[C08K003 C08K007 C08K009 C08L027 ]

B6=[B01J013 ]

B7=[C01B033 ]

B8=[C08K003 C08K009 C08L021 C09C001 C09C003 ]
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B10=[C01B033 ]

%2018

B11=[C01B033 ]

B12=[D01F008 D06M013 D06M101 ]

B13=[B01F007 B01J019 C01B033 ]

B14=[C01B033 ]

B15=[C01B033 ]

B16=[B01J020 ]

B17=[B32B003 B32B007 B32B009 B32B027 B32B037

B32B038 H01M010 ]

B18=[C01B033 ]

B19=[C01B032 ]

B20=[C04B026 E01C003 ]

B21=[C02F001 ]

B22=[C01B033 ]

B23=[A61L009 A61L101 B01D053 B01J020 ]

B24=[C08G101 C08J009 ]

B25=[C01B033 ]

B26=[B01J013 H01L035 ]

B27=[C01B019 H01L035 ]

B28=[C01B033 ]

B29=[C01B011 ]

B30=[C08J005 F16L059 ]

B31=[B01J020 B01J021 B01J035 B01J037 C01B033

C01F007 C09K003 ]

B32=[B32B017 D06M015 ]

B33=[B32B005 B32B015 B32B027 D01F006 D06N007 ]
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%2017

B34=[C01B033 ]

B35=[C01B033 ]

B36=[A61K008 A61Q019 ]

B37=[C08G071 C08J009 ]

B38=[C01B033 ]

B39=[C01B033 C01F005 C01F011 ]

B40=[C01B033 E04B001 ]

B41=[C01B033 ]

B42=[C01B033 C08J009 F16L059 ]

%2016

B43=[C03C025 C08J009 D06M013 D06M015 ]

B44=[C01B033 ]

B45=[C01B033 D04H001 ]

B46=[C01B033 C04B030 C04B038 ]

B47=[B01J013 C01B033 C04B014 C04B030 C04B111

D04H001 D04H013 F16L059 ]

B48=[A61K008 ]

B49=[C08G077 C08G101 ]

B50=[A61K008 A61Q005 A61Q017 A61Q019 ]

B51=[C01B033 ]

%2015

B52=[C01B033 C04B014 ]

B53=[C08J009 ]

B54=[B32B017 B32B037 F16L059 ]
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B55=[B32B001 B32B017 F16L059 ]

B56=[B32B017 F16L059 ]

B57=[D06M023 F16L059 ]

B58=[C08J009 D01F001 ]

B59=[C08J009 ]

B60=[A61K008 A61Q005 ]

B61 =[ ]

B62=[C01B033 ]

B63=[C01B033 C08J009 ]

B64=[B01J021 C01B033 C04B030 ]

B65=[C01B033 C04B038 E04B001 ]

%2014

B66=[B01J013 D06M011 D06M023 E04B001 F16L059 ]

B67=[B01J013 C01B033 C04B038 ]

B68=[A61K009 A61K047 B01J013 C01B033 C08F002

C08F292 ]

B69=[]%A61K A61Q

B70=[A61K009 ]

%2013

B71=[A61K008 A61Q019 ]

B72=[A61K008 A61Q019 ]

B73=[B01J013 ]

B74=[B01J013 B01J020 C01B033 C09K021 ]

B75=[]%C01B

B76=[A61K008 A61Q001 A61Q019 ]

B77=[A61K008 A61Q019 ]
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B78=[A61K008 A61Q019 ]

B79=[B01J013 ]

%2012

B80=[B09B003 C01B033 ]

B81=[B01J013 ]

B82=[A61K008 A61Q019 ]

B83=[C01B033 C08J009 ]

B84=[B32B003 C01B033 C04B014 ]

B85=[B01D021 B01F003 B01F017 B01J013 B01J021

B01J023 B05D003 B05D005 B05D007 B32B005 B32B009

B32B015 B32B017 B32B019 B32B021 B32B023 B32B027

C08J003 C08L091 C08L095 C09D195 C09K003 C23C004

C23C008 C23C016 D02G003 H05H001 ]

B86=[C01B033 ]

%2011

B87=[C01B033 ]

B88=[B05D005 B05D007 C09D005 C09D133 C09D183 ]

%2009

B89=[B32B005 ]

B90=[B01J019 C01B004 C01B013 C01B025 C01B031

C01C001 C07C001 C07C209 C07F003 C07F007 ]

%2008
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B91=[C01B033 C08G077 C08J003 ]

%B92 =[ ]

B93=[C01B033 ]

%2007

B94=[C01B033 ]

B95=[C01B033 ]

B96=[H05K003 ]

%2006

B97=[C09K013 ]

%2019

%re tu rn s a l l combinat ions o f the n e lements in B

taken 2 at a time

C1 = combnk(B1 , 2 )

C2 = combnk(B2 , 2 )

C3 = combnk(B3 , 2 )

C4 = combnk(B4 , 2 )

C5 = combnk(B5 , 2 )

C6 = combnk(B6 , 2 )

C7 = combnk(B7 , 2 )

C8 = combnk(B8 , 2 )

C9 = combnk(B9 , 2 )

C10 = combnk(B10 , 2 )
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%%2018 (11 - 33)

C11 = combnk(B11 , 2 )

C12 = combnk(B12 , 2 )

C13 = combnk(B13 , 2 )

C14 = combnk(B14 , 2 )

C15 = combnk(B15 , 2 )

C16 = combnk(B16 , 2 )

C17 = combnk(B17 , 2 )

C18 = combnk(B18 , 2 )

C19 = combnk(B19 , 2 )

C20 = combnk(B20 , 2 )

C21 = combnk(B21 , 2 )

C22 = combnk(B22 , 2 )

C23 = combnk(B23 , 2 )

C24 = combnk(B24 , 2 )

C25 = combnk(B25 , 2 )

C26 = combnk(B26 , 2 )

C27 = combnk(B27 , 2 )

C28 = combnk(B28 , 2 )

C29 = combnk(B29 , 2 )

C30 = combnk(B30 , 2 )

C31 = combnk(B31 , 2 )

C32 = combnk(B32 , 2 )

C33 = combnk(B33 , 2 )

%2017

C34 = combnk(B34 , 2 )

C35 = combnk(B35 , 2 )

C36 = combnk(B36 , 2 )

C37 = combnk(B37 , 2 )
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C38 = combnk(B38 , 2 )

C39 = combnk(B39 , 2 )

C40 = combnk(B40 , 2 )

C41 = combnk(B41 , 2 )

C42 = combnk(B42 , 2 )

%2016

C43 = combnk(B43 , 2 )

C44 = combnk(B44 , 2 )

C45 = combnk(B45 , 2 )

C46 = combnk(B46 , 2 )

C47 = combnk(B47 , 2 )

C48 = combnk(B48 , 2 )

C49 = combnk(B49 , 2 )

C50 = combnk(B50 , 2 )

C51 = combnk(B51 , 2 )

%2015

C52 = combnk(B52 , 2 )

C53 = combnk(B53 , 2 )

C54 = combnk(B54 , 2 )

C55 = combnk(B55 , 2 )

C56 = combnk(B56 , 2 )

C57 = combnk(B57 , 2 )

C58 = combnk(B58 , 2 )

C59 = combnk(B59 , 2 )

C60 = combnk(B60 , 2 )

%C61 = combnk(B61 , 2 )

C62 = combnk(B62 , 2 )
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C63 = combnk(B63 , 2 )

C64 = combnk(B64 , 2 )

C65 = combnk(B65 , 2 )

%2014

C66 = combnk(B66 , 2 )

C67 = combnk(B67 , 2 )

C68 = combnk(B68 , 2 )

%C69 = combnk(B69 , 2 )

C70 = combnk(B70 , 2 )

%2013

C71 = combnk(B71 , 2 )

C72 = combnk(B72 , 2 )

C73 = combnk(B73 , 2 )

C74 = combnk(B74 , 2 )

%C75 = combnk(B75 , 2 )

C76 = combnk(B76 , 2 )

C77 = combnk(B77 , 2 )

C78 = combnk(B78 , 2 )

C79 = combnk(B79 , 2 )

%2012

C80 = combnk(B80 , 2 )

C81 = combnk(B81 , 2 )

C82 = combnk(B82 , 2 )

C83 = combnk(B83 , 2 )

C84 = combnk(B84 , 2 )

C85 = combnk(B85 , 2 )
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C86 = combnk(B86 , 2 )

%2011

C87 = combnk(B87 , 2 )

C88 = combnk(B88 , 2 )

%2009

C89 = combnk(B89 , 2 )

C90 = combnk(B90 , 2 )

%2008

C91 = combnk(B91 , 2 )

%C92 = combnk(B92 , 2 )

C93 = combnk(B93 , 2 )

%2007

C94 = combnk(B94 , 2 )

C95 = combnk(B95 , 2 )

C96 = combnk(B96 , 2 )

%2006

C97 = combnk(B97 , 2 )
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C=[C11 ; C12 ; C13 ; C14 ; C15 ; C16 ; C17 ; C18 ; C19 ;

C20 ; C21 ; C22 ; C23 ; C24 ; C25 ; C26 ; C27 ; C28 ; C29

; C30 ; C31 ; C32 ; C33 ; C34 ; C35 ; C36 ; C37 ; C38 ;

C39 ; C40 ; C41 ; C42 ; C43 ; C44 ; C45 ; C46 ; C47 ; C48

; C49 ; C50 ; C51 ; C52 ; C53 ; C54 ; C55 ; C56 ; C57 ;

C58 ; C59 ; C60 ; C62 ; C63 ; C64 ; C65 ; C66 ; C67 ; C68

; C70 ; C71 ; C72 ; C73 ; C74 ; C76 ; C77 ; C78 ; C79 ;

C80 ; C81 ; C82 ; C83 ; C84 ; C85 ; C86 ; C87 ; C88 ; C89

; C90 ; C91 ; C93 ; C94 ; C95 ; C96 ; C97 ]

D=union (C3 ,C, ’ rows ’ ) %

E=i n t e r s e c t (C3 ,C, ’ rows ’ ) %i f i n t e r s e c t i o n i s nu l l ,

newpair=s i z e (C3)

pa i r=s i z e (C3 , 1 )

newpair=pa i r - s i z e (E, 1 )

perc=newpair / pa i r %percentage o f new p a i r s
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Chapter 7

Appendix 2: Data of

patents in silica aerogel

sector

We show the table of all the patents analyzed in chapter 2, with all

the cited patent and references.
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