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Abstract: This bibliometric study aims to identify the state of art of
international bibliography related to innovation metrics theme. This paper
discusses several intents in measuring innovation through metrics and models
due to the fact that innovation occurs in a more contextual way and formed by
multi-faceted indicators that go beyond a rigid measure modelling. Using the
period of the last ten years and Boolean searches for key terms in Web of
Science databases, we selected 136 papers that were captured by EndNote
Web. Results were analysed through two phases: the quantitative results were
sorted in descending order and we noticed a publication increase during the
studied period. The journals that gather the bigger number of selected
publications were research policy and technovation. The second qualitative
analysis categorised selected papers after reading all abstracts and we found
that the metrics that appeared the most are number of patents, performance,
innovations in product and process, inputs and outputs, innovative activities
and capabilities, R&D, and firms’ structure and interactions.
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1 Introduction

The measurement of innovation aroused and still wakens scientific curiosity of
researchers and we find different proposals from those involved on microeconomic
indicators from those involved on macroeconomic indicators. However, innovation is not
something linear and predictable; likewise serendipities (Graebner, 2004) and disruptive
innovations (Christensen, 1999, 2004; Christensen and Raynor, 2003; Utterback and
Acee, 2005) confirm this fact. Innovations measurements strictly based on number of
patents can incur errors as well (Crosby, 2000; Sakakibara and Branstetter, 1999;
Kleinknecht et al., 2002) because there are industries (such as informatics) where patent
loses its commercial value, contrary to what occurs in the pharmaceutical industry, for
example, where patent lasts decades and adds to the firm’s value.

Among the available metrics, the Oslo Manual (relative to innovation) and the
Frascati Manual (relative to R&D) are among the most used references to measure
country-level innovation (OECD, 2005, 2007). These two manuals represent a conceptual
framework based on a trial conceptual and statistics standardisation about technological
innovation. Such manuals support the adoption of metrics for measuring innovation
whether it is on a microeconomic or macroeconomic level, but with different
methodologies (Jalles, 2010; Katila, 2000). In addition, the specificity of industries
(Becker and Dietz, 2004; Eisenhardt and Tabrizi, 1995; Stuart, 2000; Lim, 2004; Voss,
1992; Avermaete et al., 2003) turns out to require specific indicators that may not be
generalisable to other industries or in other times. As Geisler (2000) stated, there are
difficulties in constructing a metric that relies heavily on quantitative-subjective metrics
categories and with qualitative and integrated indicators, since the measure always
depends on the user’s needs and data availability (Werner and Souder, 1997).

Among several concepts and theories, the metrics concept used in this paper is
aligned to the definition of Geisler (2000): a description of a measures system that
includes items to be measured, unit of measure, and unit value. The same author
underlined that when it comes to innovation, science and technology data (S&T) are
extracted from the innovation’s history. Innovation is understood, in this paper, from
Schumpeter’s (1934) concepts, regarding new product and new process by which
innovation is achieved.
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Considering that Oslo Manual was created in 1990 (the current edition is from 2005)
and Frascati Manual is dated 1963 (the sixth edition in use is from 2002), this paper
aimed to identify the state of art of international bibliography related to innovation
metrics theme in the last ten years. The period was selected to represent an attempt to
obtain the most current results about the possible alternatives for measuring innovation.
Thus, we stress the following research problem: what is the state of art of international
literature about innovation metrics theme?

As a justification, it is shown that no international bibliometrics were found on the
subject and this research aimed to provide a state of art in such a theme, and due to the
specification and consolidation of metrics to be used both in the macroeconomic, meso-
economic or microeconomic levels. As befits bibliometric studies, this research seeks to
identify leading publications in literature, and identify the most commonly used metrics
and what are their characteristics. It is also expected that results of this research will
stimulate further research on the topic.

This paper is divided into four sections. The first presents the theoretical gap, purpose
and justification for the study; the second presents the methods used for bibliometric
research; the third presents the results and the fourth shows results discussion and
concludes the paper with some limitations and guidance for future researches, followed
by references.

2 Research method

This bibliometric study is characterised by the research of papers and their citations
(Narin, 1976; Moed et al., 1985; Borgman and Furner, 2002). Scientific publications
were retrieved by the search of key terms in databases. Key search terms were validated
by five researchers of the area in study during a research group meeting in November,
2014.

We used social sciences citation index — SSCI, (Moed et al., 1985) as the basis for
citations, since the sciences citation index — SCI is an important recovery tool of
scientific publications (Narin, 1976). Thus, citations (Borgman and Furner, 2002) were
used as an evaluation measure from H index (Hirsch, 2005, 2007). The SSCI allowed us
to quantify scientific contributions and rank the developed researches over the years
(according to journal quality, impact factor, citations number). Some attempts to measure
the financial success consider a quantification of patents, licences or royalties (Saguy
et al., 2013). The period of paper collection occurred from November to December 2014.

As procedures for papers detection, we performed the following searches.

1 Search for research papers by key term in the databases Portal Periodicos CAPES
and Web of Knowledge.
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a  The first search was done in Brazilian database Portal Periodicos Capes by
selecting the databases in the area of Applied Social Sciences sub-area: business
management, which comprises 70-bases. There is a restriction on the selection
of databases for simultaneous search; then the following databases were
selected: Cambridge Journals Online, Emerald Insight, JSTOR Arts & Sciences
II1, Oxford Journals, SAGE Journals, Science Direct, Scopus, EBSCO, Web of
Science, and Wiley Online Library. These bases were chosen due to the amount
of indexed journals and international importance of the databases. As Boolean
search for key terms ‘innovation” AND ‘metric*’ (for variances of metric or
metrics), and we selected the period of last ten years according to criteria of
Bruni (2008) when saying that longer periods improve the confidence level of
research; and as last selection criterion we selected only complete journal
papers. This search resulted in a total of 85 papers.

For selection of valid papers to proceed to the next phase of research, we revised
each paper regarding title, abstract, keywords and journal in which the paper
was published (adhering to the area of management and economics, other areas
were excluded), with an inclusion criterion to contain both search terms (metric
and innovation; innovation and metrics). Papers were ranked in descending
order of citations. From 85 articles, only 15 articles were selected for reading all
abstract for further selection. These papers were captured by EndNote Web.

b  In attempting to find more papers for this bibliometry, the same procedures were
used in Web of Science database. At this stage, for the same period, we
recovered 436 articles that scored in descending order of citations. Among these,
71 were select for the next stage and these papers were capture by EndNote
Web.

Excluding 13 duplicated papers (comparing the CAPES journals and Web of
Knowledge databases), we obtained only two papers in CAPES journals and 68
in Web of Science. Since Web of Science database is available via CAPES
journals and considering the high score of repeated papers and the higher
number of papers in Web of Science, we decided to continue the search only on
this database.

In order to obtain possible variations of the search term, we performed a second
search with Boolean terms ‘innovati*’ AND ‘measur*’ (the first appearance of
possibilities for the terms ‘innovation’ or ‘innovative activity’ or ‘innovative
activities’, the second for the emergence of possibilities of terms like ‘measure’,
‘measures’ or ‘measuring’) in Web of Knowledge. The same procedures used to
retrieve papers at the previous stage were kept in this stage. As results, we obtained
14,380 publications. To restrict the journals in the field (as the terms may be present
in journals from different fields of knowledge), we decided to restrict to the
following research areas: ‘business and economics’, ‘public administration’ and
‘science technology other topics’, owing to the high number of papers considered
false positives without restriction area (notably in the areas of health and
engineering). With these criteria, we obtained 3,425 publications that were also
ranked in descending order of citations, and we performed an examination of title,
abstract, keywords and journal in which the article was published, adopting the same
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previous criteria. From 3,425 papers, only 178 papers were selected for reading all
abstracts for further selection. These papers were captured by EndNote Web.

3 In a third attempt for searching new key terms that could possibly report results that
could contribute to this research, we decided to use the same procedures of two
previous phases, with the terms ‘innovation index’. Research in Web of Science
returned a total of 23 papers, of which four were captured by Endnote Web for
further analysis.

Table 3 illustrates the possible terms combinations on the subject, used in Boolean
search.

After all the above collections, we gathered 250 papers in one folder to find potential
duplications. When none where found, the collection phase was ended.

4 The procedures adopted for paper analysis followed the postulates of Borgman and
Furner (2002), with a ranking in descending order of citations. Selected papers which
have not received any citation were removed at this stage, as postulated Ho (2007),
Radicchi et al. (2008) and Baghele et al. (2014), and 217 papers remained for further
analysis. From this classification, all abstracts of selected papers were carefully and
rigorously read in order to identify false positives. The procedure allowed the
identification of 81 false positives, leaving 136 papers for bibliometrics calculations.

For themes identification and after an analysis of 136 papers, we categorised
(Bardin, 1977) as the metrics used as a parameter and this procedure allowed the
identification of key metrics adopted in selected publications.

Table 1 Results of papers by indexed databases in CAPES journals database

Database Number of retrieved papers
Wiley Online Library 27
JSTOR Arts & Sciences III 25
Oxford Journals 24
Cambridge Journals 9

Table 2 Results of papers per year of publication in the CAPES journals database

Publication period Number of retrieved papers
Before 2006 3
From 2006 to 2007 6
From 2008 to 2009 14
From 2010 to 2012 34

After 2012 28
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Table 3 Boolean search combinations of key terms
Boolean term Variations
innovati* Innovation
Innovations
Innovative Activity
Activities
AND
metric* Metric
Metrics
measur® Measure
Measures
Measuring
Measurement
Measurements
Measured
Index

Source: Constructed with base in Catapan and Cherobim (2010)

In the application of bibliometric research, some limitations emerged: a database
restriction to the Web of Science limited to scientific journals indexed in this database.
Using EndNote Web was limited to allowing an agile collection which helped in the
bibliometric analyses. The collection period was from November to December 2014.

3 Results presentation

From reading the abstracts and identifying other information of 136 selected papers that
we reached at the end of the collection, it was revealed that there is a great heterogeneity
of published researches’ authors, and only one paper was published by the same author,
according to the criteria of Library Science authorities. We used as a parameter of
analysis the highest number of citations (Borgman and Furner, 2002) ranking all selected
research papers in descending order.

This section is divided into two sub-sections: the first of quantitative analyses and the
second consisting of qualitative analyses of selected publications.

3.1 Quantitative analysis of selected papers

Regarding the total citations, the ten most cited papers account for 40.58% (775) of the
total citations (1,910) (Table 4). We chose these the ten most cited papers in accordance
with the criteria of Albarran et al. (2011).

The distribution of citations number and papers total evidenced this heterogeneity.
The ratio of total number of published papers per year is illustrated in Figure 1, and we
perceived the relative increase of publications in the analysed decade by considering the
trend line (dotted line).
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Table 4 The ten most cited papers and the total of citations
Research paper Total of citations
Lanjouw and Schankeman (2004) 172
van de Vrande et al., (2009) 119
Becker and Dietz (2004) 98
Hu and Mathews (2005) 64
Sorescu and Spanjol (2008) 59
Szymanski et al. (2007) 59
Armbruster et al. (2008) 54
Mansury and Love (2008) 51
Yi et al. (2006) 50
Bilbao-Osorio and Rodriguez-Pose 49
(2004)

Figure 1 Total distribution of published papers per year (see online version for colours)

25 25
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15 16 15

10 - 10

2

Total of published papers Linear (Total of published papers)

The ten journals that had most publications in the selected period are presented in
Table 5.

Table 5 The ten journals with more published papers in the selected period

Journals Total of published JCR-ISI impact

papers factor
Research Policy 11 2.598
Technovation 10 2.704
Journal of Product Innovation Management 4 1.379
Service Industries Journal 4 2.58
African Journal of Business Management 3 *
Economic Development Quarterly 3 0.510
Industry and Innovation 3 1.116
Innovation-Management Policy & Practice 3 0.439
International Journal of Technology Management 3 0.492
Journal of Technology Transfer 3 1.305

Notes: *ISI impact factor unavailable. Not considered in this research for statistics.



Bibliometric analysis of international researches on innovation metrics 33

We observed that the main journals are ‘Research Policy’ and ‘Technovation’, both with
IST Impact Factor above 2.0; and both in the area of research and technology. Regarding
Eigenfactor® metrics, which measures the influence of the journal compared to the
others, the journal ‘Research Policy’ has an index of 0.01573 and ‘Technovation’ journal
has a score of 0.00435.

3.2 Qualitative analyses of selected papers

From reading all abstracts, we identified issues and metrics used in each of 136 selected
papers. Using the categorisation technique (Bardin, 1977), we grouped papers
considering innovation metrics by identifying indicators or statistical and mathematical
models used on those papers. This technique allows the categorisation showed on
Table 6.

The contents categorisation of papers evidenced the heterogeneity and multiplicity of
innovation metrics used in different industries. It is noteworthy that even in the same
sector, or in the same study area, there was no a single metric that can be used to measure
innovation according to the specificities of each industry and the criteria adopted by
researchers to perform the measure. However, among the 136 analysed publications,
some repetitions were evidenced: number of patents, performance measurement, product
innovation, process innovation, inputs and outputs, innovative activities, innovative
capabilities, R&D, and firm’s structure and interactions (or network).

There is a concentration of researchers who still use traditional innovation metrics by
number of patents and those using performance measurements as an indicator of
innovative activities. This is explained by the practicality of measuring number of patents
that a particular company owns but, when considering industries which technological-
base occurs in open innovation, patent ownership does not result in competitive
advantages due to market evolution speed of this product as well as the very short
product life cycle (such as in the software industry), where the product disappears from
the market even before obtaining the patent. Metrics based on patents show themselves a
valid metric source for technology-based industries where product life cycle is longer
than the time required for obtaining the patent as a protective measure of such innovation.
As shown by Ferasso (2013), in sectors that are not eligible for patents, the secrets are the
usual forms in protecting innovations.

Then the indicators most commonly used as parameter for measuring innovation were
the internal products and processes, in addition to inputs and outputs. The consideration
of innovation from product and process is aligned with Schumpeter’s (1934) concepts,
yet the inputs are related to resources that a given firm affords to change them, add value
and bring to market a product or innovative service (output). Thus, we perceived that
there is coherence in considering processes and products as innovation indicators,
however, there is the same difficulty of constructing a formula or model that can be
generalised to other industries.

Another aspect that draws attention is related to specific characteristics of firms with
respect to their activities and innovative capacities, interactions and their own
organisational structure. These indicators can be considered as aggregates to the firm
management and, as is known, firms have different performances depending on the
manager’s decisions and available resources.
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Categorisation of constructs, indicators, measurements and levels of analysis of

selected papers

Table 6
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Categorisation of constructs, indicators, measurements and levels of analysis of
selected papers (continued)

Table 6
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Categorisation of constructs, indicators, measurements and levels of analysis of
selected papers (continued)

Table 6
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Categorisation of constructs, indicators, measurements and levels of analysis of
selected papers (continued)
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Categorisation of constructs, indicators, measurements and levels of analysis of
selected papers (continued)

Table 6
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We found a contrast between the constant interest of researchers in bind investments and
R&D innovation. There is a recurrent association of R&D and innovation performance,
largely because technology-based industries need investments in R&D to develop
innovative processes and products.

Among the available mathematical or statistical models, researchers used different
metrics: Tobit model, Lerner index, Tobin model, Summary Innovation Index, Cragg test,
European Innovation Scoreboard and Probit model. Although Oslo and Frascati manuals
are constantly used on surveyed papers, only the research conducted by Chiang et al.
(2012) used OECD criteria for obtaining innovation.

With respect to the financial metrics, selected researches showed that the profitability
and performance have emerged as the most used measurement procedures.

Table 7 shows the distribution of researches in relation to the level of analysis for
further discussion.

Table 7 Levels of analysis of the selected papers

Level of analysis Authors

Country Hu and Mathews (2005), Bilbao-Osorio and Rodriguez-Pose
(2004), Grupp and Mogee (2004), Taylor (2009), Broberg et al.
(2013), Bavec (2009), Chan et al. (2011), Datta and Saad
(2011), Slaper et al. (2011) and Matei (2010)

States Roper et al. (2010)
Regions defined Buesa et al. (2006), Fritsch and Slavtchev (2011), Kaasa
geographically or regional (2009), Falck et al. (2010), Rosenbloom (2007), Clark et al.
innovation systems (2010), Ejermo (2009), Gongalves and Almeida (2009), Zeng
et al. (2010), Chi and Qian (2010), Gumbau-Albert and Maudos
(2009) and Lee (2011)
Meso-level Freel and de Jong (2009)
(inter-organisational levels)
Cities Therrien (2005) and Hsieh (2011)
Sector Furniture Kaplinsky and Readman (2005)
Public area Windrum and Garcia-Goni (2008)
Information Yi et al. (2006) and Okon-Horodynska et al. (2011)
technology
Servicing Camison and Monfort-Mir (2012), Hogan et al. (2011),

Hemphala and Magnusson (2012), Martino et al. (2012) and
Amore et al. (2013)

Energy Noailly (2012) and Bettencourt et al. (2013)
High-tech Guan and Chen (2010)
Firm Becker and Dietz (2004), Mansury and Love (2008), Czarnitzki

and Licht (2006), Tuominen et al. (2004), Persaud (2005),
Duysters and Lokshin (2011), Biscourp and Kramarz (2007),
Hirukawa and Ueda (2011), Blank and van Hulst (2009),
Collinson and Wang (2012), den Hertog et al. (2011),
Spithoven et al. (2010), van de Vrande et al. (2009),
Dervitsiotis (2011), Lamastra (2009), Leitner (2011), Yang and
Lin (2008), Aas and Pedersen (2011), Desmet et al. (2004),
Gotsch and Hipp (2012), Hsu and Chuang (2014), Lee and
Rugman (2012), Sepulveda et al. (2010) and Urgal e al. (2013).
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Among the selected studies, the firm stands out as main level of analysis. This fact stems
from the fact that the firm is responsible for adding value to the resources it receives and
by selling them as products to the market. Owing to the objectivity of the metrics among
resources (inputs) and products (outputs) of this production system, it is clear that the
firm becomes an object of study to the researchers, which reinforces the microeconomic
aspects of innovation metrics used in the selected researches.

Innovative performance metrics applied in a national level were also studied, as well
as studies related to geographically defined regions. There is an interest in establishing
innovation metrics in a country level reasoned by comparison needs of the most
innovative countries, or even index indication that allow to rank the most innovative
countries. The same applies to the regions, but those indexes are used as lobby for
obtaining external financial resources for the development of cited region. It is
noteworthy the conduction of researches in specific industries, each involving industries’
specificities and metrics characteristics.

4 Discussion and conclusions

The establishment of metrics to measure innovation has always been and probably will
always be difficult. This happens due largely to the different indicators required for
implementation in different industries in addition to specific characteristics of each firm
and their market.

With regard to quantitative analysis, it is noticed a significant growth of publications
related to innovation metrics for the analysed period. Specifically, the most cited paper is
of Lanjouw and Schankeman (2004), and scientific journals that have the highest number
of selected publications were ‘Research Policy’ and ‘Technovation’ (both with high
impact factors).

However, there are advances that go beyond the more traditional Oslo and Frascati
manuals, consolidating in relation to patents measurement, performance, product and
process innovations, inputs and outputs, innovative activities and capabilities, R&D, and
firm’s structure and interactions. There are criticisms about the use of patents to measure
innovation due having different degrees of importance across industries.

Regarding the level of analysis, we perceived that there is a concentration of metrics
applied to, mainly, the microeconomic level (firms) and macroeconomic (country). We
underline that there are some attempts to establish innovations measurement produced by
geographically defined regions or by delimited economic sectors. Considering different
industries, there are specificities that prevent the use of only one metric to derive
innovation through other industries (cross-sectoral), such as Camison and Monfort-Mir
(2012) and Brenner and Broekel (2011) state.

This research, as theoretical implications, sheds lights on actual state of the art of
researches concerning innovation metrics to identify main terms beyond the known
‘innovation indicators’ terms. Through results, we identified the main methods present in
literature to measure innovation that go beyond consolidated metric of number of patents,
such as: performance measurements; product and process innovation; inputs and outputs;
innovative activities; innovative capabilities; R&D; and firm’s structure and interactions
(network). These metrics can help both researchers and practitioners to identify a set of
innovative performance sources that could explain, in a broader sense, the contributive
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effect of these other innovation sources that contribute to the understanding of firm’s
innovative performance.

As limitations, this research focused on a specific period in time (last ten years
period) and data collection was performed mainly in one scientific database (Web of
Knowledge). Although we selected only one database, we chose one that included the
majority of journals covering innovation and technology management themes.

We recommend future researches over a longer period to construct a path evolution of
innovation metrics measures and the exploration in other scientific databases such as
SCOPUS, Science Direct and ProQuest, to name a few, to establish a comparison with
this research. For field researchers focused on innovation metrics thematic, we suggest
future researches related to the meso-level (cities and regions levels) of innovation
occurrence mainly in science-based industries whose innovation depends on partners’
networks; and we suggest researches focusing intellectual property ownership in a
context of open innovation. Finally, we expect that this study could stimulate bibliometric
researches on innovation area by driving efforts to contribute to the advancement of
metric studies of innovation.
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