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Abstract

Innovation management is a knowledge-intensive process that requires
dealing with different sources of data to identify relationships between the
concepts, techniques, and tools that may led to innovations. Innovation analysts
need to handle huge amounts of unstructured information: ideas gathered from
internal staff and external partners, research papers and technical reports, patents
and applications, etc. All these sources constitute valid inputs to assess the
innovativeness of ideas, the feasibility of their implementation, and their
potential value in the market.

Innovation management discipline has widely used techniques and methods
developed in the context of Information Science to support the identification
of research trends, assess the outputs of innovation efforts and investments, and
monitor the market and the activities made by competitors. The fruitful
relationship between Information Science techniques and Innovation management
needs to be regularly reviewed as new techniques and tools are designed and made
available to the community. In the last years, significant progress has been
achieved in areas like scientometrics, text visualization, and opinion mining.

This paper provides an overview of these techniques and discusses how
they can help professionals involved in innovation programs.
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Introduction

Innovation management is a sub-discipline of management that studies
the rules that govern the generation, diffusion, and adoption of innovation, and
the relationships between innovation inputs and outputs. Professionals involved
in innovation management and assessments need to deal with a complex
ecosystem of information sources. The number of information sources and
databases they need to monitor makes their daily work difficult.
The identification and regular monitoring of data sources is time-consuming and
requires dedicated staff. Due to this reason, companies of different sizes and
areas of activity opt for getting the support from external parties and Knowledge
& Technology Transfer (K&TT) offices. Different experiences show that
collaborating with K&TT offices is a feasible, affordable way to ensure that the
information and knowledge needed to support, leverage, and optimize the
innovation efforts are properly acquired and analysed.

The growing importance of the Open Innovation paradigm has led to
a significant revision of the approaches traditionally applied. Innovation
management moved from a linear model that comprised a sequence of activities
completed by a single entity, to a collaborative model based on feedback loops
and interactions between different partners [2, 15]. In the linear model,
the achievement of innovations was determined by the planning, financing, and
execution of internal R&D activities or external technology acquisition. Today,
innovation is achieved thanks to the close collaboration between the company
and its environment [16]. This evolution culminated in the Open Innovation
model [4], which states that valuable ideas may come from both inside and
outside the company, and it is the result of factors like knowledge specialization,
the availability of highly skilled workers, the increasing capabilities of suppliers,
and the difficulties of having a complete domain of all the aspects that need to be
mastered in a successful innovation life cycle. Different entities or agents have
a different level of participation in the generation of the knowledge streams that
provide the inputs to create innovations (market, scientific and technical
knowledge, and social knowledge) and the complex interfaces between them.
The popularity of Open Innovation has led companies of any size to consider the
need of making a systematic planning of innovation.

To which extent have these changes affected information management
practices supporting innovation management? Until recently, information
management practices focused on the surveillance of the activities done by
competitors, market research, and monitoring. Information professionals’ main
tasks consisted in checking what was published by or about the company’s
competitors and summarize this information in the form of market intelligence
reports. The search of patents was part of this continuous monitoring of the
external environment.
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With Open Innovation, a change was necessary. For example, new sources
of information need to be considered, like web-based innovation platforms,
defined as “technical infrastructures for knowledge sharing, discovering, and
social interaction” [3, 11]. Examples of these popular platforms include, among
others, InnoCentive, NineSigma, Brightidea, InnovationExchange, Atizo,
YourEncore, Battle of Concepts or Yet2.com, just to name a few. Using these
platforms, companies have the possibility of posting and forecasting business
challenges and collecting ideas from outsiders. These ideas will be later
analysed to identify potential improvements in existing products or requirements
that may lead to the development of new products or services. Similar tools to
support co-creation, collect ideas, and complete their assessment have been
launched by companies. These tools embody the spirit of the Web 2.0 paradigm
in the area of innovation, opening a door to outsiders to improve products and
services with the collaboration of the users’ community and potential partners.

Within this context, professionals dealing with the management of
information to support innovation processes should consider the possibilities
offered by tools and techniques developed in the context of Information Science.
These range from scientometric indicators to complex visualization techniques.

1. Scientometrics

Scientometric refers to the study of the rules that govern the generation of
knowledge in scientific and technical domains. The term evolved from
traditional bibliometry, which was developed in the second half of the last
century to apply statistics in the analysis of the bibliographic production.
Bibliometric studies were widely applied to study the productivity and impact of
countries, journals, authors, or institutions in different disciplines, and have
become an accepted way to measure the productivity of the investments in R&D
policies. Classical methods developed in bibliometry are still applied. For
example, Bradford’s law [6, 12] which proposed by Samuel Bradford in 1948 to
study the distribution of the scientific literature, is widely used to assess the
relevance of journals and authors. This law’s initial purpose was help librarians
identify those journals libraries should subscribe, in order to make a better
investment of the budget available for acquisitions. In the area of innovation,
Bradford analysis has been used with collections of patents to identify
companies’ productivity [19] or to identify the impact that scientific and
technical journals have on the development of inventions [20].

Additional bibliometric indicators have been developed more recently and
have gained popularity in the assessment of research productivity and impact.
Among others, we should include the Hirsch Index (h-index) and the g-index.
The first one quantifies the cumulative impact and relevance of the scientific
output of an individual [21, 1] and is used to compare researchers in different
areas [5]. It takes as an input the number of papers published by the author and
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the citations they have received: a researcher has an index h of his papers have
received at least h citations each. The second indicator, the g-index [10],
developed by Leo Egghe with the aim of improving some limitations of the
h-index [9], is defined as the largest number such that the top g papers together
receive g or more citations. These indicators do not provide only a ranking of
researchers; they can also be used to identify the core intellectual products
(papers, articles, patents, etc.) produced by a person or organization. In the area
of innovation-related studies, h-index has been used in the analysis of citations
within patents [7, 13, 22].

There are more bibliometric indicators that may be consider when analysing
innovation-related data: citation speed index, Publication Efficiency Index (PEI),
etc. The first one measures how fast recently published items are incorporated as
inputs (that is to say, as citations) in new documents; PEI is often applied to
assess the misalignments between the output achieved by an innovation or
research program and the effort invested on it.

In the area of innovation, bibliometric indicators have been used on the
analysis of patent collections to identify the companies and institutions that act
as leaders in different areas of research. The number of granted patents reflects
the companies’ productivity and their capability to develop innovations. The
citations in the patents are the input to assess their impact on subsequent
research and quantify the impact of the different actors working in a particular
domain [18, 17].

Bibliometrics make an extensive use of visualization techniques to present
graphically the results obtained with the analysis of the data. As an example, the
image below shows a chart representing the productivity and impact of different
companies in the Information Retrieval Software industry. The values for
productivity and impact are obtained by analysing the patents granted in
a particular period.
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Fig. 1. Productivity and Impact Chart for a particular time period
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Visual representations of bibliometric analysis are built on top of data that
represents key variables of a document collection, like the number of items
published by a company, the number of citations it receives, etc.

Innovation professional can benefit from these techniques to describe,
analyse and assess the role that different persons, organisations, institutions, or
geographical areas play in the innovation arena. Today, researchers have at their
disposal different software tools to complete these bibliometric analyses. Most
of them are freely distributed as open source and support visualisation features
to display relationships between the data. Bibliometric analysis has usually been
made with the help of general-purpose tools like Pajek, Cytoscape, or UCINET,
which are mainly focused on network analysis and visualization. Other
bibliometric tools support pre-processing, network creation, normalization, and
analysis of data: BibExcel, CiteSpace, IN-SPIRE, Science of Science tool,
VantagePoint, VOSviewer, and SciMAT [8]. Some of them are stronger in
certain aspects of the data processing workflow, which leads to the possibility of
combining different tools at different steps.

Bibliometric techniques are valid tools to know, represent, and assess the
role that different companies, institutions, clusters, researches, or even countries
have on the Research and Development landscape. They also provide a valid
tool to identify potential partners in either traditional or Open Innovation
programs. However, there are other areas where innovation analysis can benefit
of Information Science techniques. One of them is the analysis of large
collections of documents and the extraction of meaning.

2. Dealing with Unstructured data

Innovation professionals need to process data from different sources to
identify trends in the market and in the activity of partners and competitors.
These analyses require going into the details of the documents within the
collection in order to extract their meaning.

The extraction of meaning from text is the subject of the Text Mining
discipline. This is an application of the Information Retrieval and the
Computational Linguistics aimed to help users identify and extract new
knowledge from large collections of documents. Text mining is to discover new,
previously unknown information from existing written resources with the
assistance of computers. Definitions of text mining in the professional literature
refer to the capability of identifying new knowledge from unstructured data:
[17, p. 324], talked about “... any operation related to gathering and analysing
text from external sources for business intelligence purposes [...] discovery of
previously unknown knowledge in text” and “the discovery of previously
unknown knowledge in text.” Another recognized expert in text mining, Marti
A. Hearst said that the purpose of text mining is “discovering information and
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knowledge previously unknown, not explicitly present in any of the analysed
documents.”

These definitions are ambitious. To try to give a more pragmatic definition,
it is convenient to consider that there is an intermediate objective that should be
achieved in order to extract new knowledge from existing data: information
available in large document collections must be processed and presented in a
way that makes their understanding and comprehension easier. We could then
define text mining as “the processing of collection of documents to present their
data in a way that makes easier their analysis by the staff in charge of making
decisions. The presentation of the data should help identify relationships
between the facts described in the documents.”

Under the term “text mining,” we group together several software-based
techniques, which include document classification and clustering, automatic
summarization, feature extraction, and text visualization. Document clustering
and automatic text classification are valuable techniques to make the initial pre-
processing of documents. Both are used to create groups of documents with
similar meaning; thereby, documents within the same group or class are
represented by a surrogate or centroid made up of several terms. End users’
queries are compared against these surrogates, and end users can explore large
collections of documents by browsing through the groups or classes. Other text
mining technique, feature extraction, identifies the facts described in the
documents. Its most popular use has been the identification of personal names,
organizations, dates and events, as well as the relationships between them. For
example, it would be possible to extract, from an unstructured text, the
relationship between a manufacturing method, a company, and a particular
technology. Text summarization is another interesting technique that extracts
those fragments of the text that are likely to give the best representation of its
meaning.

Recent achievements in text mining are related to the capability of
visualizing the data in individual documents and in document collections. Text
visualization relies on the methods applied for feature and concept extraction.
The graphical representations of the text help users understand the content of the
documents under analysis. These techniques range from simple, popular
“wordnets” to more complex visualization schemas that not only highlight the
most important concepts in the document(s), but the relationships between them.
This is possible by (a) the possibility of representing documents, sections, or
fragments within them by means of vectors where each term is given a value
based on its frequency in the document and in the collection as a whole, and (b)
the analysis of co-occurrences of terms. Once we have this representation of the
texts, attractive visualizations showing the relationships between concepts based
on syntactic or statistics patterns are feasible. Different visualizations methods
for textual content may be found in the web site: http://www.manyeyes.com.
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Fig. 2. Conceptual graph showing term relationships
Source: http://vialab.science.uoit.ca.

From the perspective of the analysts involved in innovation activities, these
visualization schemas may be useful when approaching large sets of
unstructured data. Potential usages include the identification of (a) research
trends, (b) relationships between institutions and subjects of research, and (c)
between research concepts, methods, and tools leading to innovative solutions
through combination, etc.

Conclusions

Continuous monitoring of the environment is an activity that professionals
involved in the planning, management and support of innovation programs
cannot obviate. Data about the external environment is usually collected in the
form of unstructured data, document sets, or textual inputs collected from web-
based innovation platforms supporting idea collection or co-creation processes.
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The assessment of the results achieved by innovation efforts is also an integral
component of the activities under innovation professionals’ responsibilities.

Techniques developed in the context of Information and Documentation
Science may help innovation professionals in the analysts these data.
The combined use of scientometric techniques and text analysis and
visualization is a promising solution to deal with the inputs needed to plan,
develop, and monitor innovation strategies. Scientometric provides tools to
identify research trends and gain knowledge about the agents that are doing
R&D and producing innovations. The impact of these innovations can be
assessed through citation analysis and studies of their impact. Text analysis and
visualization can be used to gain an understanding of the knowledge embodied
in document collections and get a preliminary view of the main trends and
concepts under discussion. Once recent, relevant application of text mining
techniques, called “opinion mining,” focuses on the analysis of opinions posted
by users of Web 2.0 tools like Facebook or Twitter, and these same techniques
might be applied in the analysis of web-based innovation platforms where users
post and discuss potential improvements in existing products.

The combined use of bibliometric and text mining techniques is not new.
For example, Hearst described a project where the impact of public funded
research in the development of patents was studied. The study required the
analysis of citations in a wide collection of patents and the identification of the
funding agencies and sponsor organizations that made possible the research.
Additional opportunities can be derived from the combined use of these
techniques: bibliometric studies help gain a top-down view of the data,
identifying agents and main research trends, and text mining and visualization
techniques provide a bottom-up view of the data leading to the identification
of the concepts under discussion and the complexity of their relationships.
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Narzedzia zarzadzania informacja dla analitykéw innowacji

Stowa Kkluczowe

Innowacja, naukometria, eksploracja tekstu, badanie opinii, wizualizacja tekstu.

Streszczenie

Zarzadzanie innowacjami to oparty na wiedzy proces, w ktorym definio-
wany jest poziom zalezno$ci pomigdzy pomystami, technikami i narzedziami
mogacymi skutkowac opracowaniem innowacji. Analityk innowacji musi zarza-
dza¢ tresciami niestrukturalnymi: pomystami zgromadzonymi od pracownikow
jak i partnerow, wiedza pochodzaca z publikacji naukowych i raportow tech-
nicznych, patentami i zgloszeniami patentowymi itp. Wszystkie te zrodta sta-
nowig istotny wktad w proces oceny innowacyjnosci pomystu, mozliwosci jego
realizacji oraz konkurencyjnosci rynkowe;.

W zarzadzaniu innowacjami powszechnie stosowane sa techniki i metody
informatyczne, ktore wspomagaja proces identyfikacji trendow, oceny rezulta-
tow, oszacowania niezbednych naktadéw finansowych czy monitorowania ryn-
ku. Oznacza to, ze nalezy regularnic monitorowa¢ stan wiedzy i techniki
w tym obszarze w celu zapewnienia jak najbardziej owocnej wspotpracy na sty-
ku nauk informatycznych i zarzadzania innowacjami. W ostatnich latach zna-
czacy postgp osiagnicto w takich dziedzinach jak naukometria, wizualizacja
tekstu i badanie opinii.

W artykule dokonano przegladu tych technik i oméwiono sposob, w jaki
moga one wspomoc specjalistow zaangazowanych w realizacje¢ innowacyjnych
programow.
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