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ABSTRACT

This paper examines the interdependence between various measurements of firms’ innovation outputs.
Linking firm-level microdata from the Japanese National Innovation Survey to the literature-based
microdata on firm innovation from press releases and data on intellectual property rights such as patents,
trademarks, and design registrations, | construct a panel dataset that captures the diversity of innovation
activities. Additionally, | examine the effects of firms’ innovation outputs on the market value and
productivity of the firms. The empirical results suggest that observed firm’s press releases represent the
multi-dimensional innovation activities of firms, particularly the radical product (new-to-market)
innovations, organizational innovation, and research and development (R&D) activities. With respect to the
intellectual property rights, the empirical results show that firms with product innovation registered more
trademarks, in particular firms with more radical new products tend to register more trademarks, and patent
data reflects the R&D activity of firms while design registrations reflect the design activity and marketing
innovation measured in the innovation survey. In addition to patent applications and trademark registrations,
press releases on new products, technological developments, and organizational changes of a firm are
positively correlated with the market value and productivity of that firm.
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1. Introduction
Innovation is one of the most important concepts for economic development, growth, and the
wealth of nations. To capture innovation is to understand the determinants or process of
productivity improvements. Japan has faced long-term economic stagnation that began in the
early 1990s and labor shortages from an aging population; therefore, policy makers need ways to
enhance productivity and encourage innovation. This subject has received attention from
economic and science and technology policy makers because it is widely believed that the
knowledge creation and diffusion process is closely related to innovation.

The definition of innovation is provided by the Oslo Manual (OECD and European
Communities, 2005). According to the Oslo Manual, “an innovation is the implementation of a
new or significantly improved product (goods or service), or process, a new marketing method,
or a new organizational method in business practices, workplace organization, or external
relations.” Edison et al. (2013) examined 41 definitions by conducting a questionnaire survey and
interviews with academics and practitioners, and the authors recommended a definition by
Crossan and Apaydin (2010): “Innovation is: production or adoption, assimilation, and
exploitation of a value-added novelty in economic and social spheres; renewal and enlargement
of products, services, and markets; development of new methods of production, and the
establishment of new management systems. It is both a process and an outcome.” Both definitions
indicate that innovation has a broad meaning. Innovation includes the discovery of new ideas or
knowledge but also the commercialization or implementation of these discoveries into production
processes, business practices, or marketing activities. Additionally, Edison et al. (2013) argued
that “the perception of innovation differs across the departments of the same organization.”

An innovation activity in a firm is a function that changes innovation inputs to innovation
outputs and generates some positive economic value. Because innovation inputs are multi-
dimensional, innovation outputs also have several dimensions. Four types of innovation outputs
are recognized (OECD and European Communities, 2005):

(1) Product innovations, which is the introduction of new or significantly improved goods or
services to markets.

(2) Process innovations, which is the implementation of new or significantly improved
production or delivery methods including a significant change in techniques, equipment,
and/or software.

(3) Organizational innovations, which is the implementation of a new organizational method in
a firm’s business practices, workplace organization, or external relations.

(4) Marketing innovation, which is the implementation of a new marketing method involving
significant changes in product design or packaging, product placement, product promotion,
or pricing.



Fig. 1. Framework for measuring innovation outputs in firms

- Acquisition of machinery, - Marketing methods

equipment and software

Innovation inputs Innovation outputs Innovation impacts
i - R&D activity i i New/significantly improved: | - Productivity
E - Design activity i i * Products i - Profitability
i - Marketing activity i i * Processes i - Growth
| + Training i i - Organizational methods i - Enterprise value

Literature-based Innovation Output Indicators
(LBIO)

Intellectual + Patent

Property Rights + Trademark
(IPR) - Design

. . * Press release
Public Relations .
- Advertisement

Source: Modification of Edison et al. (2013) by the author.

This paper examines the interdependence between various measurements of innovation
outputs of firms. Fig. 1 illustrates a framework to measure innovation outputs in this paper.
Linking firm-level microdata from the Japanese National Innovation Survey to other microdata
sources related to innovation in firms such as patents, trademarks, design rights, and press releases
on new products and services, which are called as literature-based innovation output (LBIO)
indicators, | summarize the innovation indicators and explore the best treatment of the indicators
to explain observed diversity in firms’ innovation.

This paper is organized as follows. In the next section, several approaches to measuring
innovation outputs are introduced. Then, in Section 3, data sources and the methodology for
dataset construction is explained. In Section 4, several variables to measure innovation outputs
are defined. Section 5 shows the empirical results and examines the relationship between
innovation output indicators. Finally, Section 6 concludes this paper.

2. How to Measure Innovation
A reliable measure of innovation is particularly important for policy makers who must assess
policy intervention and evaluate the impacts of their policies on innovation. Understanding the
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current state of innovation and innovation processes correctly is a necessary condition for policy
makers to enforce appropriate policies. Relevant measurement of innovation outputs is also
important for researchers who are constructing models or empirically examining innovation
processes. Measuring innovation, however, is one of the most challenging and difficult tasks.
Innovation itself has diverse aspects and consists of several processes. Measuring innovation is
also a demanding and challenging task for industry. According to Andrew et al. (2008), most
executives believe that their company should track innovation, but only 43 percent of companies
measure innovation.

A major development in innovation output measurements has been the direct innovation
survey. This survey involves surveying firms to ascertain product, process, organizational, and
marketing innovations introduced or implemented during a period. The Community Innovation
Survey (CIS) organized by Eurostat (the statistical office of the European Union) is the most
standard questionnaire worldwide. According to the Oslo Manual guideline, all four types of
innovation outputs are surveyed in the CIS: product innovation, process innovation,
organizational innovation, and marketing innovation. According to Coombs et al. (1996),
however, “the CIS-type surveys suffer from their own unique problems, the main problem being
the burden they place on responding firms to provide data”. Additionally, even for firm
respondents, it may be difficult to determine whether their firm innovates.

The measure of firm innovation outputs obtained from literature such as trade journals, rather
than firm surveys or interviews, is known as the Literature-based Innovation Output (LBIO)
indicator (Coombs et al., 1996). In the 1980s, LBIO data was used to analyze innovation activity
in the US (Acs and Audretsch, 1987). However, measuring the quantity and quality of outputs of
a firm’s innovation activity is also important. The number of new products introduced and the
number of new processes or methods implemented should be different across firms, and the
impact of innovations should differ. While the quantity of innovation is not supported in the
standard CIS questionnaire, the quality or novelty of (product) innovation is partly included. A
count measure is available in the case of the LBIO; patents applied or granted, registered
trademarks and designs, and published press releases are countable. In a large body of literature,
patent data is used as a proxy for innovation (Griliches, 1984, 1990; Nagaoka et al., 2010).
Empirical research using trademarks and design registrations has been scarce. Recently, several
studies, however, examine the relationship between trademarks and design activity (Livesey and
Moultrie, 2008). Mendonga et al. (2004) showed that trademark data capture the non-
technological innovation of firms. For example, Walsh (1996) and Verganti (2003) emphasized
the importance of design activity in innovation firm processes, and Rubera and Droge (2013)
empirically examined the effects of design activity on sales and the market value of firms.
D’lIppolito (2014) provided a literature review of research on firms’ design activity. These LBIO
data contain rich text information of the description of the features that deserve to be published,
at least for the firm itself. The rich information may contain data on the quality or novelty of the
innovation outputs.

Inputs in innovation activities are also important to measure. Research and development
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(R&D) investment is the main inputs measure. Recently, the importance of capturing
comprehensive inputs other than R&D, such as design, marketing training, and copyright, has
been emphasized by intangible assets scholars (Corrado et al., 2009). The absorption of external
knowledge and collaborations is also considered an important source of innovation. In the
following chapters, the determinants of innovations are discussed in detail.

3. Data
This paper uses five data sources to measure innovation output at the firm-level: the Japanese
National Innovation Survey (J-NIS), patents, trademarks, design registration, and press releases.

The J-NIS is an official government survey conducted by the National Institute of Science
and Technology Policy (NISTEP). The questionnaire used in the J-NIS is harmonized with the
CIS, which is developed by Eurostat and is the most standard innovation survey worldwide. The
J-NIS has been conducted four times in Japan. Data from the third wave (J-NIS 2012) are used in
this paper because they are the latest available data. The survey represents a sample derived from
all enterprises with 10 or more employees active in Japan in 2009 in all manufacturing industries
and some selected non-manufacturing industries from the core and non-core coverage of the CIS
2010. The sample size of J-NIS 2012 is 20,405 firms, and the number of valid responses is 7,034
firms. The J-NIS 2012 surveys innovation outputs as well as innovation inputs or innovation
activities of firms. As the same as in the CIS, all four types of innovation output are surveyed in
the J-NIS according to the Oslo Manual guideline: product innovation, process innovation,
organizational innovation, and marketing innovation. Innovation outputs introduced or
implemented during the period 2009 to 2011 are surveyed in the J-NIS 2012. Innovation outputs
are defined as new-to-firm innovations. For product innovation, new-to-firm innovation and new-
to-market innovation are also differentiated.

Although the definitions of each type of innovation are included in the questionnaire, the
answers to the questionnaire are based on the self-judgement of the respondents. For innovation
activities, R&D activity and expenditures and design, marketing, and training activity are captured.
Most questions required a yes or no answer. Therefore, | could only capture whether a firm has
innovation output. The amount or count of innovation outputs could not be captured in this survey.
This is a common limitation of the CIS-type questionnaire. Fig. 2 shows the results of J-NIS 2012
for each type of innovation output for three firm sizes.



Fig. 2. Percentages of firms with innovations (J-NIS 2012)
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Data source: NISTEP (2014). A report on the Japanese National Innovation Survey 2012, NISTEP REPORT No. 156.

Patent data are obtained from the Institute of Intellectual Property (IIP) patent database,
which is a normalized relational database compiled from more complex data in the SGML
(Standard Generalized Markup Language) format from the Japan Patent Office (JPO) by IIP. The
latest version of the 1P patent database (version 2015) contains the data for all patent applications
to the JPO from 1964 to 2011. Applicant information (hames) is used to match data with the other
databases. The number of patent applications is used as an indicator of innovation outputs.
Additionally, to consider the difference in quality among patents, the number of claims (Okada et
al., 2016) and citations from other patents are also calculated.

Databases for trademarks and design registrations are also relational and are compiled from
SGML format data from the JPO by NISTEP (Motohashi et al. 2016). These databases contain
only registered trademarks and designs applied on or after 1999 to 2012. The number of registered
trademarks and designs by firm by application year is calculated and used as a proxy for firms’
innovation outputs. The names of applicants are used for database matching.

Fig. 3 shows that although the number of patent applications is greater than the trends for
trademarks and design registrations, patent applications exhibit a downward trend from 2005.
From 1998 to 2011, there were 5.66 million patent applications in total and 404 thousand
applications for each year, on average. The number of trademarks and design registrations has
been stable compared to patent applications. From 1999 to 2012, there were 1.24 million
trademark applications and 405,000 design registration applications in total and 88,700 trademark
applications and 28,900 design registration applications for each year, on average.



Fig. 3. The number of patent application, trademarks, and design registrations
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Data sources: Author’s calculation based on the 1P patent database and the NISTEP’s database of design and trademark
rights (Motohashi et al. 2016).

Press release data are derived from Nikkei Telecom, which contains all articles published on
the Nikkei Press Release website! from 2003 to 2014. The number of articles is calculated for
each subject. The types of articles are also differentiated. Fig. 4 shows the number of articles by
type for each year. There are 355,000 articles in total. Table 1 indicates that 61 percent of articles
are classified as new product announcements and 8 percent and 6 percent are classified as
organizational changes and technological progress announcements, respectively. The subject and
type of each article are extracted from the header of each article. The header of release documents
contains information on who did what. The beginning of the release header indicates the subject
of the release, and the latter part of the header indicates the object of the release. Because there
are abbreviations for subjects, the subject names are manually checked and changed to the correct
format for the NISTEP Dictionary of Corporate Names (DCN).

L http://release.nikkei.co.jp/



Fig. 4. Number of press releases

35,000
30,000
25,000
20,000 @ Others
B Technological progress
15,000 .
B Organizational change
10,000 New product
5,000
0
S B> B
Q" 7
DNENIEN

Data sources: Author’s calculation based on the Nikkei Telecom database.

Table 1. Types of press release

Total %
Total 354,689 100%
New product 217,059 61%

Organizational change 28,363 8%
Technological progress 22,190 6%
Others 87,077 25%

Using these data, two firm-level datasets are constructed to examine the interdependencies
among innovative outputs. Fig. 5 shows the structure of the matched datasets.



Fig. 5. Matching between databases
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The first dataset is a cross section, and the respondent firms of the third wave of the J-NIS
(J-NIS 2012) are matched with the applicants of patents, trademarks, design registrations, and the
subjects of press releases. The J-NIS 2012 contains 7,036 respondents. Matching across databases
is based on firm name using the NISTEP Company Name Dictionary. Table 2 shows the matching
results of the dataset. Out of 7,034 J-NIS 2012 respondent firms, 4.1 percent of firms issued a
press release, 12 percent of firms applied a patent, 17.4 percent of firms had a trademark
application, and 6.2 percent of firms applied a design registration. The average number of articles
was 30.1 for press releases and 102.7 for patent applications from 2009 to 2011.

Table 2. Matching results of the first dataset
# of firms % #of articles  Avg.

Press release 287 4.1% 8,633 30.1
New product 217 3.1% 4,926 227
Technological progress 82 1.2% 590 7.2
Organizational change 124 1.8% 513 4.1

Patent application 843 12.0% 86,536 102.7

Trademark application 1,222 17.4% 11,341 9.3

Design registration 437 6.2% 7,169 164

Total 7,034 100.0%

The second dataset is panel data for which the applicants of patents, trademarks, design
registrations, and the subjects of press releases are matched with each other by name and year. As
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a base for matching, the NISTEP DCN and the concordance table for patent applicant tables
developed by NISTEP is used. For each applicant and application year, the number of applications
for patents, trademarks, and design registrations is calculated. For listed companies, the financial
statements of the firms derived from a company database provided by the Development Bank of
Japan and the East Asia Listed Companies (EALC) Database are also merged. Table 3 shows the
matching results of the dataset. The matching rates are higher than the first dataset. Among 355
press releases, 59 percent of articles could be matched with the NISTEP DCN. Seventy percent
of patents and design registrations are also matched, but the matching rate for trademarks is
slightly lower (36 percent). Among the 6,292 firms filed in NISTEP DCN, 49 percent of firms
with a press release and design registration matched, and 81 percent and 86 percent of firms with
patents and trademarks, respectively, matched. Matching rates are higher for listed firms: 63
percent for firms with press releases, 73 percent for firms with patent applications, and 93 percent
for firms with trademarks but only 45 percent for firms with design registrations.

Table 3. Matching results for the second dataset
# of documents Period Total %  Matched % Listed firms %

Press release 2003-2014 354,691 100% 209,235 59% 168,698 48%
Patent 1998-2011 5,658,505 100% 3,960,887 70% 3,174,171 56%
Trademark 1999-2012 1,242,272 100% 447,456 36% 346,302 28%
Design 1999-2012 404,645 100% 282,231 70% 203,938 50%
# of firms Matched % Listed firms %
Total (DCN) 6,292 100% 3,783 100%
Press release 3,080 49% 2,402 63%
Patent 5091 81% 2,758 73%
Trademark 5,405 86% 3,502 93%
Design 3,076  49% 1,720 45%
4.  Variables

4.1. J-NIS 2012

For innovation outputs, the following dummy variables are utilized from J-NIS 2012: (i) a dummy
variable taking the value of one if the firm introduced a new or significantly improved good or
service to the firm (New-to-Firm Product) during the period from 2009 to 2011, (ii) a dummy
variable taking the value of one if the firm introduced a new-to-market product innovation during
the period (New-to-Market Product), (iii) a dummy variable taking the value of one if the firm
implemented a process innovation (new or significantly improved production process,
distribution method, or supporting activity), (iv) a dummy variable for an implementation of a
new organizational method (Organizational Innovation), and a dummy variable indicating a
significant change to the aesthetic design or packaging of a good or service (Design Innovation).
For innovation inputs, the natural logarithms of R&D expenditure (Ln. of R&D Expenditure) in
fiscal year 2011 are calculated, and a dummy variable for Design Activity, which takes the value
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of one if the firm conducted activities to design, improve, or change the shape or appearance of
new or significantly improved goods or services, and zero otherwise, is also used.

4.2.  Press Release Data

From the press release data, the following variables are defined: (i) the number of new product
announcements (N. of PRs on New Products), (ii) the number of press releases related to
technological progress (N. of PRs on Technological Development), and (iii) the number of press
releases announcing an organizational change, for example, establishments of new departments,
mergers and acquisitions of other enterprises, or a company split (N. of PRs on Organizational
Changes).

4.3. Intellectual Property Rights

For invention or innovation output variables, (i) the number of patent applications (N. of Patent
Applications), (ii) applications of trademarks (N. of Trademark Registration), and (iii) the
applications of design registrations (N. of Design Registration) are used as output variables.

4.4.  Innovation Outcomes

Using firm financial information, variables for innovation outcomes are also defined. First,
innovation can affect market evaluation from investors (Hall, 2000). In this paper, the market
value of the firm is measured by the simple approximation of Tobin’s g (Chung and Pruitt, 1994):

Simple g = (stock price times the number of stocks issued + total debt) / (total assets)

Second, innovations can enhance firm productivity (OECD, 2009). Using the EALC database, the
effects of innovation indicators on total factor productivity (TFP) of the firm are examined.

5.  Empirical Results

This section first examines the inter-relationship among the LBIO indicators and innovation
outputs measured in the J-NIS 2012. Then, the section examines the effects of these innovation
output indicators on the innovation outcome indicators.

5.1.  The Inter-relationship among Innovation Output Indicators

Table 4 shows the results of the regression analyses.? For all models, I control for firm size (the
logarithm of the number of employees) and industry-year dummies. In columns (i) to (iii) in Table
4, the number of each type of press release is regressed on the related innovation indicators
measured by the J-NIS and the intellectual property rights. Column (i) shows the estimation result
of the Poisson model in which the dependent variable is measured by the number of new product-
related press releases. For explanatory variables, the dummy variables for new-to-firm product
innovation and new-to-market product innovation are included in the model. The results show

2 To control for simultaneous bias, standard errors are adjusted with an unrelated estimation method using the Stata
command; suest.
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that new-to-market product innovation had significantly positive effects on the number of new
product-related press releases.

The dependent variables of columns (ii) and (iii) are the number of press releases related to
technological progress and organizational changes, respectively. For the press releases related to
the technological progress model, R&D expenditures and the number of patent applications are
included as explanatory variables. For press releases related to the organizational changes model,
| test the effect of organizational innovation. The estimation results shown in column (i) indicate
that the effects of R&D expenditure and the number of patent applications on the number of
technological progress-related press releases were significantly positive. The estimation results
shown in column (iii) indicate that the effects of organizational innovation on the number of
organizational change-related press releases were significantly positive.

Next, |1 examine the relationships between the number of applications for intellectual
property rights and the innovation survey. Columns (iv) to (vi) in Table 4 show the estimation
results for the Poisson model for the number of applications for (iv) patents, (v) trademarks, and
(vi) design registration. The results show that R&D expenditure has significantly positive effects
on the number of patent applications. The effects of new-to-firm product innovation and new-to-
market product innovation on the number of trademark applications were both positive and
significant, and the effects of design innovation and design activity on the number of design
registrations were significant and positive.

Finally, to examine the complementarity between the various innovation output indicators
including process and marketing innovation, | regress the dummy variables for new-to-market
and new-to-firm product innovation, process, organizational and marketing innovation on R&D
expenditure and design activity. Column (vii) to (xi) in Table 4 indicate that these innovation input
and output indicators were significantly and positively related to both new-to-market and new-to-
firm product innovation, process innovation, organizational innovation and marketing innovation.
Particularly, the result indicates that to enhance the novelty of product innovation, other types of
innovation, such as process innovation, organizational innovation, and marketing innovation, are
required in addition to innovation inputs such as R&D and design activity.

In summary, the results in Table 4 indicate that the LBIO indicators are reliable indicators
for innovation outputs, at least related to products, and particularly for novel products, innovations,
organizational innovations, and design innovations measured in the CIS-type questionnaire survey.
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Table 4. Relationship between LBIO indicators and indicators of the innovation survey

0] (ii) (iii) (iv) v) (vi)
N.of PRs  N.of PRs  N.of PRs N. of N. of N. of
on New on Tech. on Org. Patent Trademark Design
Products Develop. Changes Applic. Registr. Registr.
Poisson Poisson Poisson Poisson Poisson Poisson
Ln. N. of Employees 0.806***  0.419***  1122***  0.987***  0.636***  0.647***
(0.081) (0.136) (0.064) (0.104) (0.049) (0.096)
New-to-Firm Product (0/1) 0.614 0.428**
(0.571) (0.203)
New-to-Market Product (0/1) 1.390*** 1.135%**
(0.333) (0.219)
Process Innovation (0/1)
Organizational Innovation (0/1) 0.738***
(0.248)
Marketing Innovation (0/1) 0.527**
[0.229]
Ln. N. of Patent Applications 0.558***
(0.110)
Ln. of R&D Expenditure 0.119** 0.213***
(0.050) (0.053)
Design Activity (0/1) 1.108***
(0.211)
Constant S4TATFR* 6.231%**F -9 315* x4 175% Kk 2 321x** 3 697F**
(0.687) (0.672) (0.577) (0.540) (0.320) (0.707)
Industry-year dummies Yes Yes Yes Yes Yes Yes
N 6,565 6,565 6,565 6,565 6,565 6,565
Pseudo R squared 0.458 0.769 0.601 0.861 0.384 0.383

Notes: Standard errors in parentheses. *p<0.10, **p<0.05, ***p<0.01.
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Table 4. (Continued)

(vii) (viii) (ix) (x) (xi)
New-to-
Only New.to- Market Process  Organizational ~ Marketing
Firm Product - ) -
Innovation Produt_:t Innovation Innovation Innovation
Innovation
Probit Probit Probit Probit Probit
Ln. N. of Employees 0.056*** 0.005 0.057*** 0.082*** -0.036**
[0.018] [0.020] [0.016] [0.014] [0.016]
New-to-Firm Product (0/1) 0.778*** 0.310*** 0.452***
[0.065] [0.066] [0.068]
New-to-Market Product (0/1) 0.725*** 0.217*** 0.580***
[0.072] [0.072] [0.072]
Process Innovation (0/1) 0.542*** 0.485*** 0.747*** 0.138**
[0.060] [0.063] [0.049] [0.054]
Organizational Innovation (0/1) 0.250*** 0.160*** 0.705*** 0.869***
[0.056] [0.060] [0.045] [0.042]
Marketing Innovation (0/1) 0.268*** 0.413*** 0.145*** 0.912***
[0.062] [0.063] [0.053] [0.045]
Ln. N. of Patent Applications
Ln. of R&D Expenditure 0.036** 0.185*** 0.084*** 0.016 0.041***
[0.016] [0.016] [0.015] [0.015] [0.015]
Design Activity (0/1) 0.376*** 0.806*** 0.485*** 0.107 0.852***
[0.077] [0.072] [0.072] [0.071] [0.068]
Constant -1.999*** -1.950*** -1.640*** -1.420*** -1.062***
[0.091] [0.099] [0.078] [0.072] [0.075]
Industry-year dummies Yes Yes Yes Yes Yes
N 6,565 6,565 6,565 6,565 6,565
Pseudo R squared 0.14 0.332 0.267 0.19 0.251

Notes: Standard errors in parentheses. *p<0.10, **p<0.05, ***p<0.01.

5.2.  Relationship between LBIO Indicators and Innovation Outcomes

Table 5 shows the relationship between LBIO indicators and the market value of the firm using
the data of listed firms in the second dataset. The simple g index is regressed on the LBIO
indicators. Table 5 shows the effects of the number of press releases on firm market value.
Columns (i) to (iii) show the statistically significant and positive effects of the number of new
product-related press releases, technological development, and organizational changes on the
market value of the firm. Column (iv) shows that the coefficient on the number of technological
development-related press releases is no longer significant if these three variables are
simultaneously included in the model. Column (v) shows the effects of patent applications,
trademarks, and design registrations on firm market value. The numbers of patent applications
and trademark applications have significant and positive effects on market value. Column (vi)
shows that if all the LBIO indicators are included in the model, new product and organizational
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change-related press releases, patent applications, and trademark registrations have significant
positive effects on the simple q index. These results indicate that the stock market positively
evaluated the firms’ innovation outputs examined in the paper.

Table 5. Relationship between LBIO indicators and market value of the firm

Dependent variable: Ln. simple Q index (i) (i) (iii) (iv) v) (vi)

Ln. N. of Employees 0.043*** 0.108*** 0.079*** 0.096*** 0.010* 0.064***
(0.007)  (0.013)  (0.014) (0.017)  (0.006)  (0.017)

Ln. N. of PRs on New Product per Emp. 0.078*** 0.064*** 0.048***
(0.007) (0.008) (0.008)

Ln. N, of PRs on Org. Change per Emp. 0.138*** 0.065*** 0.060***
(0.014) (0.015) (0.015)

Ln. N. of PRs on Tech. Develop. per Emp. 0.106***  0.003 -0.028*
(0.015)  (0.017) (0.017)

Ln. N. of Patent Applications per Emp. 0.036*** 0.034***
(0.005)  (0.005)

Ln. N. of Trademark Registrations per Emp. 0.037*** 0.022***
(0.005)  (0.005)

Ln. N. of Design Registrations per Emp. -0.009  -0.014**
(0.006)  (0.006)

Constant 0.278*** 0.272*** 0.244*** (.298*** (.355*** (.385***
(0.094)  (0.084)  (0.092)  (0.093) (0.096)  (0.098)

Industry-year dummies Yes Yes Yes Yes Yes Yes

N 20,468 20,468 20,468 20,468 20,468 20,468
R squared 0.242 0.233 0.227 0.244 0.247 0.257

Notes: Standard errors in parentheses. *p<0.10, **p<0.05, ***p<0.01.

Finally, Table 6 shows the relationship between the LBIO indicators and the TFP of firms
using the data for listed firms from the second dataset. Columns (i) to (iii) in Table 6 show the
effects of the number of firm market value-related press releases. | found statistically significant
and positive effects of the number of new product-related announcements, organizational changes,
and technological developments on firm TFP. Column (v) shows the effects of patents, trademarks,
and design registrations on firm market value. The numbers of patent applications and trademark
applications have significant and positive effects on TFP. If all the LBIO indicators are included
in the model (Column (vi)), while the coefficients on design registration, new product
announcements, and press releases concerning technological development become insignificant,
the coefficients on the press releases related to organizational changes, patent applications, and
trademark registrations remain significant and positive.
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Table 6. Relationship between LBIO indicators and TFP

Dependent variable: Ln. TFP () (i) (iii) (iv) (v) (vi)

Ln. N. of Employees 0.003  0.021*** 0.018*** 0.024***  0.002 0.015**
(0.002) (0.006) (0.004) (0.006)  (0.002)  (0.006)
Ln. N. of PRs on New Product per Emp. 0.011*** 0.005** -0.002
(0.002) (0.002) (0.003)

Ln. N, of PRs on Org. Change per Emp. 0.028*** 0.019*** 0.018***
(0.006) (0.007) (0.007)
Ln. N. of PRs on Tech. Develop. per Emp. 0.025***  0.008 -0.001
(0.005)  (0.006) (0.005)

Ln. N. of Patent Applications per Emp. 0.011*** 0.010***
(0.002)  (0.002)

Ln. N. of Trademark Registrations per Emp. 0.011*** 0.011***
(0.002)  (0.002)

Ln. N. of Design Registrations per Emp. -0.004**  -0.003**
(0.002)  (0.002)

Constant 0.060*** 0.060*** 0.059*** 0.066*** 0.091*** (0.094***
(0.012)  (0.012) (0.012) (0.013) (0.012) (0.012)

Industry-year dummies Yes Yes Yes Yes Yes Yes

N 14,072 14,072 14,072 14,072 14,072 14,072
R squared 0.223 0.224 0.222 0.225 0.238 0.240

Notes: Standard errors in parentheses. *p<0.10, **p<0.05, ***p<0.01.

5.3.  Relationship between LBIO Indicators

Some LBIO indicators are not independent and are conceptually dependent on each other. First,
trademark registrations and new product-related press releases should be related because both
indicators measure product innovation. Fig. 6 shows the form of the relationship between the
number of trademark registrations and the number of new product-related press releases. The
relationship between the two indicators is positive and almost linear. On the other hand, patent
applications and press releases on technological development are also conceptually related. Fig.
7 shows a positive but non-linear relationship between the number of patent applications and the
number of technological development-related press releases. A positive relationship between the
two indicators is stronger at low and high levels and weaker at the mid-level.
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Fig. 6. Trademark Registration vs. New Product Press Releases
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Fig. 7. Patent Applications vs. Technological Development Press Releases
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6. Conclusions

This paper examined the relationship between various innovation output indicators. Linking
several micro datasets on firm-level innovations, such as the J-NIS databases of intellectual
property rights and press releases, | examined the relationship between questionnaire-based
innovation output indicators and LBIO indicators. The empirical results indicate that there are
consistent and statistically significant relationships between innovation output measurements
based on the innovation survey and the LBIO indicators. | confirmed that the patent data,
trademark data, and press release data contain the information that contributes to the measurement
of firms’ product innovation. The empirical results show that these LBIO indicators represent
technological innovation such as product innovation and non-technological innovations such as
marketing and organizational innovation. On the one hand, | confirmed that design registration
data represent the firms’ design activity and marketing innovation. On the other hand,
organizational change-related press releases have a significant relationship with organizational
innovation. Moreover, this paper confirms significant relationships between LBIO indicators and
firm performance. | found a significant positive effect of LBIO indicators on firm market value
and firm TFP. These results indicate that, in addition to direct firm questionnaires, using the LBIO
data including trademarks, design registrations, and press releases as well as patent data is
important to measure the multi-dimensional characteristics of innovation outputs at the firm level.
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