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Preface

This monograph provides a detailed account of what firms do in their R&D activities.
In particular, using a unique survey of firms in Japan, we focus on the following
four aspects of R&D management: the organizational structure of R&D, staged
project management for R&D projects, compensation and incentive schemes for
R&D personnel, and a firm’s risk preferences and corporate culture. We also examine
whether and how R&D management practices are linked to the likelihood of firms’
success in making product innovations and the choice between explorative (radical)
and exploitive (incremental) innovation.

While previous studies recognize that R&D management practices are important
drivers of innovation, most take the form of case studies that focus on a partic-
ular aspect of R&D management, and there are few studies that systematically and
quantitatively examine the link between various R&D management practices and
innovation. To fill the gap in the literature, we designed and conducted the orig-
inal firm survey, the “Survey of R&D Management Practices,” in January—February
2020. This monograph presents our first step in examining how R&D management is
associated with corporate innovation using the survey. We hope that this monograph
is useful for readers interested in a detailed analysis of the relationship between R&D
management and innovation using quantitative data.

This monograph is the product of aresearch project funded by a JSPS Grant-in-Aid
for Scientific Research (B) No. 19H01488). We would like to thank an anonymous
referee, Christian Rammer, Ralph Paprzycki, and participants of the 2021 Annual
Meeting of the Japan Society for Research Policy and Innovation Management for
their useful comments, Yuya Ikeda and Tomohiko Inui for conducting the survey with
us, and Koki Kurihara for superb research assistance. We gratefully acknowledge the
cooperation of the National Institute of Science and Technology Policy (NISTEP) in
conducting the “Survey of R&D Management Practices.” Ono gratefully acknowl-
edges that this monograph was prepared while he was a visiting researcher at NISTEP,



vi Preface

while Haneda acknowledges the hospitality she received while she was a visiting
researcher at the ZEW (Leibniz Centre for European Economic Research).

Tokyo, Japan Shoko Haneda
Arito Ono
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Chapter 1 ®)
R&D Management Practices oo
and Innovation: Evidence

from a Firm Survey

1.1 Introduction

Innovation plays an important role in increasing productivity and economic growth.
Much of this innovation is driven by the research and development (R&D) activities of
business firms as part of their efforts to develop new products and processes. Against
this background, how firms manage their R&D activities has become an increasingly
important issue (see, e.g., Teece 1996; Azoulay and Lerner 2012). Meanwhile, there
is a growing literature which argues that management practices are important factors
in explaining differences in productivity across firms (e.g., Bloom and Van Reenen
2007, 2010; Bloom et al. 2019). Because innovation is a key determinant of a firm’s
productivity, this literature suggests that there is a link between R&D management
practices, innovation, and productivity. Yet, while there are many case studies and
small-sample studies describing how well-articulated R&D management practices
create innovation (e.g., Hartmann and Hassan 2006; Hullova et al. 2019; Smolnik and
Bergmann 2020), there are relatively few studies that empirically examine the link
between R&D management practices and innovation using large-scale data (notable
exceptions are Laursen and Foss 2003; Haneda and Ito 2018). Moreover, there are
even fewer studies that systematically investigate from a variety of angles how firms
manage R&D activities in practice and examine which R&D management practices
are beneficial for, or detrimental to, innovation.

To fill the gap in the literature, this monograph seeks to better understand what
firms do in their R&D activities using data from a unique survey of firms in Japan,
the “Survey of R&D Management Practices,” which was implemented by a research
team including the authors in January—February 2020. This survey focuses on the
following four aspects of R&D management: the organizational structure of R&D,
staged project management for R&D projects, compensation and incentive schemes
for R&D personnel, and a firm’s risk preferences and corporate culture. Using an
original data set that matches the survey data with firm-level micro data, we provide
detailed information on firms’ R&D management practices. We also examine whether
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and how various R&D management practices are linked to the likelihood of firms’
success in making product innovations. Further, reflecting the fact that much of the
literature on innovation focuses on the tension between explorative (radical) innova-
tions and exploitative (incremental) innovations (e.g., March 1991; Manso 2011), we
also investigate whether and how R&D management practices are associated with
the choice between explorative and exploitative product innovation.

The remainder of this monograph is organized as follows. Section 1.2 explains
the key question about R&D management practices asked in the survey and provides
a review of the related literature motivating the questions. Section 1.3 outlines the
survey design and presents basic summary statistics. Section 1.4 explains the vari-
ables we use for R&D outcomes and R&D inputs. Next, Sects. 1.5 to 1.8 are the
main parts of this monograph. They provide detailed information on firms’ R&D
management practices, namely, on the organizational structure of R&D activities
(Sect. 1.5), staged project management (Sect. 1.6), compensation and incentive
schemes for R&D personnel (Sect. 1.7), and firms’ risk preferences and corporate
culture (Sect. 1.8). We also conduct a simple statistical analysis (two-sample equal
variance z-tests) in these sections to examine the relationship between R&D manage-
ment practices and R&D outcomes and discuss whether the results are consistent with
the literature discussed in Sect. 1.2.! While we need to control for a range of factors
such as firm size and industry to examine the link between R&D management prac-
tices and R&D outcomes more rigorously, we believe that our simple analysis serves
as a useful first step for future studies. Section 1.9 concludes.

1.2 Key Questions and Related Literature

This section outlines the key questions about R&D management practices that
we examine in this monograph. We formulate our key questions focusing on the
following aspects: the organizational structure of R&D activities, staged projects
management, compensation and incentive schemes for R&D personnel, and firms’
risk preferences and corporate culture. We also review the related literature to which
we refer in constructing these questions. In his seminal study, March (1991) argues
that for many businesses innovation is difficult because there is a trade-off between
allocating resources to the exploration of new possibilities and the exploitation
of well-known approaches. The tension between exploration and exploitation is
analyzed more formally by Manso (2011), who constructs a principal-agent model
in which he embeds a Bayesian decision model known as the bandit problem. Manso
(2011) shows that the optimal scheme for promoting innovation (exploration) is one
that exhibits substantial tolerance for early failure, reward for long-term success, and
timely feedback on performance. In formulating our key questions, we rely not only

! Note that our analyses are descriptive in nature and do not provide evidence of any causal rela-
tionships. While we discuss possible mechanisms that may explain our results, we do not formally
test them, so that these discussions should be regarded as conjectures.
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on the empirical implications of March’s (1991) and Manso’s (2011) analyses but
also those of other studies that we discuss in detail below.

1.2.1 Organizational Structure of R&D Activities

Organizational economics theory suggests that a firm’s internal organizational struc-
ture affects its performance (e.g., Gibbons and Roberts 2012). We examine how a
firm’s internal organizational structure of R&D activities affects its innovation from
two separate but intertwined aspects. Specifically, we focus on how the delegation of
authority to R&D organizations and the centralization or decentralization of R&D
organization structures are linked with innovation outcomes.

First, to investigate the effect of delegation on innovation, we measure to what
extent the authority to hire employees (R&D personnel) and to terminate/suspend
or continue ongoing R&D projects is allocated between R&D organizations and
corporate headquarters. Aghion and Tirole (1997) argue that the basic trade-off in
delegating authority is between initiative and control. That is, the transfer of authority
to an agent (an R&D organization in our case) increases the ability of the agent to
take the initiative to acquire relevant knowledge for the project, but this comes at the
expense of the principal’s (the headquarters’) control over the choice and manage-
ment of projects. Aghion and Tirole’s (1997) argument suggests that to what extent
firms allocate authority to R&D organizations depends on whether their corporate
headquarters have sufficient knowledge about choosing R&D personnel and running
R&D projects. Consistent with Aghion and Tirole’s (1997) prediction, Acemoglu
et al. (2007) find that firms closer to the technological frontier are more likely to
delegate authority to the manager (agent) of the firm’s “profit center” business unit
because there is less public information about the new technology from which corpo-
rate headquarters (the principal) can learn. Meanwhile, Kastl et al. (2013) empirically
examine the link between delegation and R&D expenditure. Specifically, using a firm
survey of Italian manufacturing firms, which asks a respondent firm whether R&D-
related decisions, as well as administrative, financial, and business decisions, are
autonomously made by separate divisions, they construct several measures of dele-
gation. They find a positive correlation between the delegation measures and R&D
expenditures, which suggests that firms in which more authority is delegated to the
R&D division tend to spend more on R&D. In this study we measure the delegation
of authority to hire researchers and manage on-going R&D projects to R&D orga-
nizations and examine the statistical association of such delegation with innovation
outcomes.

Second, we measure whether a firm’s R&D activities are organized in a centralized
or decentralized manner. We define a firm’s R&D organization structure as central-
ized if R&D activities are highly independent of business units and as decentralized if
R&D activities are directly controlled by separate business units. The literature indi-
cates that there is a trade-off between centralized and decentralized R&D structures
(Azoulay and Lerner 2012). The advantage of adopting a decentralized R&D struc-
ture is that managers of R&D organizations (such as a pharmaceuticals development
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division) are likely to have superior knowledge about the local market and the need
of customers and be better placed to prevent R&D employees from losing sight of
market imperatives. On the other hand, decentralized R&D may prevent the pooling
of knowledge and spillovers from R&D activities within other units of the firm, and
managers of specific business units may lack the knowledge and skills for R&D activ-
ities that are non-local and/or explorative in nature. Centralized R&D (such as in a
central research laboratory) can potentially overcome these drawbacks by providing
a place for nonlocal research activities and long-term and explorative projects but
runs the risk of losing information about customer needs and choosing R&D projects
for their scientific interest. This trade-off suggests that decentralized R&D structures
are more suitable for incremental innovation, while centralized R&D structures are
more conducive to radical innovation. A number of studies report empirical findings
providing evidence for this trade-off. For instance, Argyres and Silverman (2004) find
that firms with centralized R&D structures generate innovations that have a higher
level of impact than firms with decentralized R&D structures.> Using a sample of
71 large U.S. corporations taken from a survey of R&D executives, they construct
measures of R&D organization structures and find a positive association between
the degree of centralization and the number of patent citations received, which is a
conventional proxy for the impact of innovations. Their finding suggests that central-
ized R&D structures are more likely to generate radical innovations than decentral-
ized structures. In this study, we construct a centralization measure of R&D structures
that is similar to Argyres and Silverman’s (2004) and examine its association with
the degree to which innovations are radical or incremental in nature.>*

1.2.2 Staged Project Management

The management and funding of R&D projects often proceeds in stages. For example,
the “Stage-Gate” method proposed by Cooper (1988, 2017) sets concrete interim

2 Also see Argyres et al. (2020), who find that the positive link between centralized R&D and the
impact and depth of innovation works through the increase in the connectedness of internal inventor
networks: researchers in centralized R&D structures are likely to undertake technological search of
greater breath so as to produce more radical innovations that benefit multiple divisions within the
firm.

3 Argyres and Silverman (2004) and Argyres et al. (2020) use the share of the R&D budget that
is allocated by corporate headquarters as another measure for the degree of centralization of R&D
structures. Meanwhile, Arora et al. (2011, 2014) develop yet another empirical measure of the
decentralization of R&D, namely, the share of patents assigned to affiliates (as opposed to the
parent).

4 Although we define the degree of decentralization/centralization of R&D structures in terms of the
degree of independence from a firm’s business units, it should be noted that R&D decentralization
and the delegation of authority over R&D activities may be closely intertwined. In fact, some
studies (e.g., Argyres and Silverman 2004; Acemoglu et al. 2007) define decentralization in terms
of the degree of delegation. Using our survey, we examine the correlation between delegation and
decentralization in footnote 19 in Sect. 1.5.3.
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goals, referred to as “gates” or “milestones,” in each stage of an R&D project, and
the project is continued only if the milestones are met. It is also well known that
venture capital (VC) investors typically make staged investments in venture firms,
holding open the option of abandoning a venture firm if it fails to meet milestones
(Sahlman 1990). The literature on VC finds that staging is a way for VC investors
(principals) to monitor firms (agents) and mitigate agency problems (Gompers 1995;
Kaplan and Stromberg 2003; Tian 2011) and that staging allows VC investors to learn
about the agent over time and sort good projects from bad ones (Dahiya and Ray
2012). On the other hand, staging may lead to underinvestment by VC investors at
the early stage (Wang and Zhou 2004) and exacerbate venture firms’ focus on short-
term success to continually look attractive to VC investors (Cornelli and Yosha 2003;
Yung 2019).

In our view, the two-period model of the innovation process presented by Manso
(2011) captures the advantages and disadvantages of staging well. In the model,
the agent chooses between two actions in each stage: exploration or exploitation.
Exploitation consists of well know actions or work methods to achieve incremental
innovations with a known probability of success, while exploration consists of new
untested actions or work methods to achieve radical innovations. The probability of
success of radical innovations is unknown and the agent updates his/her beliefs about
the probability of success once he/she has attempted radical innovation in the first
stage. Because both actions entail private costs to the agent, the agent has an incentive
to shirk. Manso’s (2011) model makes two predictions with respect to staging. First,
the effect that the threat of termination has on exploration is ambiguous because
it prevents the agent from shirking but encourages the agent to choose a project
with a higher probability of success, i.e., exploitation. Depending on which of these
two effects is more important, staging of innovation projects may either encourage
or discourage an agent from choosing exploration. Second, feedback on interim
outcomes of the project provides incentives for exploration because it allows interim
adjustments by the agent and increases the probability of success of the project.
Several empirical studies examine Manso’s (2011) predictions. Ederer and Manso
(2013) provide experimental evidence on the effects of termination. Specifically,
they conducted a laboratory experiment in which participants operate a hypothetical
computerized lemonade stand and choose between exploitation, i.e., making minor
adjustments to the business strategy (e.g., fine-tuning the product mix of lemonade),
or exploration, i.e., making major adjustments to the business strategy (e.g., changing
the location of the lemonade stand). To study the effect of termination, they divide
participants into two groups: one whose lemonade stands were eliminated if they
underperformed in the first half of the experiment and another whose lemonade
stands continued regardless of the performance in the first half. Ederer and Manso
(2013) find that participants in the latter group were more likely to choose an explo-
rative strategy, suggesting that the threat of termination undermines the incentives
for explorative innovation. Meanwhile, using a sample of VC-backed initial public
offering (IPO) firms, Mao et al. (2014) find that IPO firms were less innovative, as
measured by the number of patents granted and the number of future citations received
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by each patent, when VC investors held a larger number of VC financing rounds
(stages). Further, in the realm of scientific research, Azoulay et al. (2011) examine
whether the funding program of the Howard Hughes Medical Institute (HHMI),
which tolerates early failure and provides detailed and high-quality feedback to the
researcher, encourages exploration more than the funding program of the National
Institutes of Health (NIH), which imposes more stringent interim reviews. They find
that researchers who used HHMI grants produced higher-impact articles than NIH-
funded researchers. The empirical results obtained by Azoulay et al. (2011) suggest
that more “forgiving” scientific research grants with extensive feedback lead to more
explorative innovations than grants with stricter interim reviews.

As explained above, staging is prevalent in the management and financing of
R&D projects and VC investment in start-up firms, and there are several theoretical
and empirical studies that examine the determinants and effects of staging in the
context of such firms. However, as far as we are aware, there are few empirical
studies that investigate staging in the context of R&D projects. An exception is the
study by Andries and Hiinermund (2020), which examines the impact of staging
on the initiation/abandonment of innovation projects. Our survey contributes to the
literature by providing a systematic description of the staging in R&D projects.

Concretely, we first ask respondent firms whether they implement staged project
management of their R&D projects and examine the statistical association between
staging and the likelihood of making product innovations as well as the association
between staging and the choice between explorative and exploitative innovation.
Since the VC literature surveyed above suggests that there are both advantages and
disadvantages to staging, it is an empirical matter whether the correlation between
staging and making product innovations is positive or negative and whether staging
is correlated with exploration or exploitation.

In addition, we ask the following questions to examine whether our data are
consistent with Manso’s (2011) predictions with respect to staging. First, to examine
the effect of the threat of termination on exploration, we ask whether a firm sets
intermediate goals (“milestones”) for the interim evaluation of a project. If the answer
to this question is positive, we then ask to what extent the firm considers whether the
milestones were achieved when assessing whether to terminate/suspend or continue
the R&D project. Second, to examine the effect of feedback on exploration, we
ask whether a firm provides feedback on the interim evaluation results to the R&D
personnel in charge of an R&D project. If the answer to this question is positive,
we then ask who provides feedback: other research teams in the R&D organizations
within the firm, non-R&D business units within the firm and the head office, or
external experts outside the firm. Using these two questions in our survey, we examine
how the threat of termination and feedback is associated with the success of R&D
projects and the choice between radical/incremental innovation.
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1.2.3 Compensation and Incentive Schemes for R&D
Personnel

Incentives play an in important role in the organization of R&D activities. A key
issue therefore is how firms assess and compensate/reward their R&D personnel.
Since the interests of employees and their employers are not always aligned, many
studies have examined how firms design compensation contracts and provide incen-
tives to induce employees to work in the firm’s interest (see Prendergast (1999) for a
survey). However, these studies also highlight that providing incentives for innova-
tion is especially difficult. Because innovative projects are risky and their outcomes
are unpredictable, standard pay-for-performance compensation is less effective in
inducing effort in the case of R&D than other employees. Worse still, pay-for-
performance compensation may be detrimental in getting R&D personnel and/or
managers to choose explorative R&D projects because they are, by definition, more
likely to fail (Holmstrom 1989; Manso 201 1).3 To deal with such problems, Manso
(2011) argues, tolerance for early failure and reward for long-term success is essen-
tial for motivating radical innovation. However, while Manso lists several long-term
compensations plans for executives and managers (e.g., stock options with long
vesting period), he does not discuss long-term incentive schemes for employees.
Although providing incentive schemes for R&D employees is fraught with diffi-
culties, previous studies—which we outline below—as well as pre-interviews we
conducted with managers of R&D organizations and human resources departments
in Japanese firms suggest that many firms try to devise compensation and incentive
schemes for R&D personnel to motivate innovation. In our survey, we focus on the
following aspects of human resource management practices for R&D personnel to
understand what Japanese firms do.

First, we ask about the relative weights given to ability and performance in R&D
employee evaluations, where ability refers to the ability demonstrated in performing
a job and performance refers to the level of achievement in performing the job. Stan-
dard agency theory predicts that a firm will not adopt pay-for-performance when
performance measures are noisy in the sense that they do not adequately reflect
employees’ input of effort (Holmstréom and Milgrom 1991). Because more ambi-
tious projects entail larger risk and uncertainty, theory suggests that firms are less
likely to employ performance evaluation in the case of explorative R&D projects.
However, there is little empirical support for a negative relationship between the risk
(uncertainty) of projects and the use of pay-for-performance (Prendergast 2011). To
explain why this is the case, Prendergast (2002) constructs a theoretical model that
predicts that uncertainty may be positively related to pay-for-performance through a
different mechanism. Specifically, he argues that uncertain environments lead to the
delegation of responsibility to employees because in very uncertain settings, it is hard

5 Because incentives, including pay-for-performance, may not be effective in inducing innovation,
some studies postulate contractual incompleteness, based on the recognition that writing incentive
contracts is too complex and costly. See, for example, Aghion and Tirole (1994) and Hellman and
Thiele (2011).
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to tell employees what to do. Because the principal delegates control to employees,
performance-based pay becomes the only way to compensate for employees’ unob-
servable effort. Consistent with Prendergast’s (2002) prediction, Foss and Laursen
(2005) find that the extent to which firms innovate is positively correlated with the
use of pay-for-performance. Using our survey, we examine whether there is a link
between the use of performance evaluation on the one hand and the likelihood of
product innovations and of explorative/exploitative innovations on the other.

Second, to further hone in on human resource management practices in more
detail, we ask firms whether they employ various practices for the evaluation of
R&D personnel from a list we provide in our questionnaire. Some of the items on the
list refer to R&D employees’ performance (e.g., patent applications/registrations),
while others refer to their ability (e.g., the acquisition of qualifications/degrees).
Using the responses, we examine the link between performance-based and ability-
based evaluation on the one hand and innovation outcomes on the other from a
slightly different perspective than the previous question.

Third, we ask firms about pecuniary and non-pecuniary incentive schemes for
R&D personnel. Pecuniary incentives are monetary rewards based on the outcomes of
innovative activities by R&D personnel (e.g., rewards based on the number of patent
applications), while non-pecuniary incentives are non-monetary rewards/subsidies
(e.g., dispatch to university and/or support for studying abroad), which may increase
R&D employees’ intrinsic motivation for innovation. Several studies suggest that
pecuniary incentives that provide extrinsic motivation for workers may adversely
affect their intrinsic motivation, such as pride in their work and enjoyment in carrying
out tasks (Bénabou and Tirole 2003; Kreps 1997). In the context of R&D manage-
ment, such intrinsic motivation includes, for instance, the intellectual challenge of
contributing to scientific and technological progress. Previous empirical studies that
examine the link between pecuniary and non-pecuniary incentives and innovation
outputs report mixed results. Using firm-level panel data for listed firms in Japan,
Onishi (2013) reports a positive association between monetary compensation plans
for employee inventions and the number of patent citations but no association with
the number of patent applications. In contrast, using a 2001 court decision that
effectively forced Japanese firms to strengthen pecuniary incentives based on the
commercial success of an invention as an exogenous instrument for pecuniary incen-
tives, Onishi et al. (2021) find that pecuniary incentives decreased the number of
science-based patents. Using individual-level data for R&D employees, Sauermann
and Cohen (2010) examine the relationship between extrinsic and intrinsic motives
of R&D personnel on the one hand and their innovative performance on the other
hand. They find that R&D employees with stronger motives such as pay (extrinsic
motive) and intellectual challenge and independence (intrinsic motives) produce a
larger number of patent applications (innovative outputs). Sauermann and Cohen’s
findings (2010) suggest that both extrinsic and intrinsic motives are important for
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innovation.® Our study differs from Sauermann and Cohen’s (2010) in that we ask
firms about the pecuniary and non-pecuniary incentive schemes they employ, while
Sauermann and Cohen (2010) ask employees about their subjective motives.

Finally, we use some of the questions outlined above to examine whether reward
for long-term success (Manso 2011) is correlated with innovation. Specifically, the
question about the evaluation of R&D personnel contains as one of the possible
criteria the “amount of sales generated by new products to which the R&D employee
contributed,” while the question about incentive schemes for R&D personnel contains
as one of the possible incentives “rewards based on the amount of profits from inven-
tions and patents (invention reward schemes).” In addition, we regard promotion as
another potential reward for long-term success. The questionnaire contains a ques-
tion asking whether any of the directors on the board of the firm belonged to an R&D
organization within the firm in the past, and we regard the answer to this question
as an indicator of whether promotion to the board is possible and hence a poten-
tial incentive for R&D personnel. Promotion is one of the most common means of
rewarding white-collar workers for effort and long-term outcomes, and a substantial
share of directors on the boards of Japanese firms are promoted internally. However,
to what level in the hierarchy R&D personnel can be promoted may vary across firms.
We use this question to examine whether the possibility of promotion to top-level
management works as an effective incentive scheme for innovation.

1.2.4 Risk Preferences and Corporate Culture

Some studies suggest that corporate culture, which is defined as “a set of norms
and values that are widely shared and strongly held throughout the organization”
(O’Reilly and Chatman 1996), may be an important driver of firm performance. The
empirical study by Guiso et al. (2015) shows that corporate culture impacts a firm’s
performance more than corporate governance. Manso (2011) argues that nurturing
a corporate culture that encourages experimentation and tolerates early failure is
important for innovation because it is difficult, if not impossible, to devise compen-
sation and incentive schemes that credibly motivate innovation among employees, as
discussed in Sect. 1.2.2. Some studies find empirical evidence that is consistent with
Manso’s (2011) argument. For instance, Ederer and Manso (2013) show that risk
aversion plays an important role in explaining differences in participants’ behavior
in their hypothetical lemonade stand experiment (see Sect. 1.2.2). Meanwhile, using
data on large pharmaceutical firms’ drug development decisions, Krieger et al. (2022)
show that risk aversion leads firms to underinvest in radical innovation. Further, in
experiments with master’s degree students, Carson et al. (2020) find that partici-
pants that are more tolerant of risk are more likely to choose higher-risk projects. In

6 Dewett (2007) reports that the intrinsic motivation of R&D employees is positively associated
with their willingness to take risk, but that the statistical association between intrinsic motivation
and employee creativity depends on the proxy used for creativity.
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contrast, financial rewards that encourage participants to disproportionately under-
take higher-risk projects do not induce most participants to invest in such projects.
In the realm of the venture capital (VC) industry, Tian and Wang (2014) report that
IPO firms backed by more failure-tolerant VC investors are more innovative. Finally,
based on a survey of large North American firms, Graham et al. (2021) report that
57% of senior executives surveyed think that corporate culture has a “big effect” on
their firms’ creativity while 41% think that corporate culture has a “big effect” on
their firms’ willingness to take on risky projects. Constructing measures of cultural
values from their survey, Graham et al. (2021) find that “adaptability” is positively
correlated with creativity while “results-orientation” is negatively correlated with
creativity.

In our survey, we ask several questions to measure a firm’s risk preferences and
corporate culture and examine their impact on innovation. To measure a firm’s risk
preferences, we included the following three questions in our survey. First, we asked
firms whether they were taking appropriate risks in their R&D projects. Asking a
similar question in their survey, Graham et al. (2021) report that 60% of respondent
firms felt they took the “right amount of risk,” while 29% said they took “too little risk”
and 11% said they took “too much risk.” Second, we set a hypothetical question about
an R&D project which was expected to generate gross sales of 100 million yen if it was
successful but gross sales of 0 yen if it failed and asked about the maximum amount
that respondent firms would be willing to invest in this project (i.e., their reservation
price). It was assumed that the probability of success was 10% and the expected
payoff of the project accordingly was 10 million yen. In our analysis below, we
classify respondent firms that were willing to invest 10 million yen as “risk-neutral,”
those willing to invest less than 10 million yen as “risk-averse,” and those willing to
invest more than 10 million yen as “risk-tolerant.” Using a similar survey question
about a hypothetical lottery ticket, Cramer et al. (2002) construct a measure of risk
aversion to examine whether risk aversion affects individuals’ choice of becoming
an entrepreneur. Third, we measure firms’ risk preferences by asking them to choose
between two otherwise identical projects. Project 1 has a greater net present value
(NPV) but negative cash flow for the first few years, whereas Project 2 has positive
cash flow throughout its duration but has a smaller NPV. Graham et al. (2021) ask a
similar question in their survey and report that, somewhat surprisingly, 41% of firms
chose the NPV-inferior project (which would be Project 2 in our case). They also
show that about 80% of firms that chose the NPV-superior project (corresponding to
Project 1 in our case) say that corporate culture plays a role in their preference for
the NPV-superior project.

To measure firms’ corporate culture, we employ the Competing Values Framework
(CVF) proposed by Cameron et al. (2014), who argue that the CVF provides a way
to characterize organizational culture in simple terms. Specifically, the framework
consists of two dimensions that express the tensions (“competing values”) in orga-
nizations, which result in four categories (quadrants): Collaborate (Clan), Control
(Hierarchy), Compete (Market), and Create (Adhocracy).

Figure 1.1 provides a schematic representation. One dimension focuses on the
orientation toward internal maintenance versus external positioning, while the other
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Fig. 1.1 The competing values framework (Source Cameron et al. 2014, Fig. 3.1)

dimension focuses on the orientation toward individuality and flexibility on the one
hand versus stability and control on the other. Turning to the quadrants, firms with
a collaborate-oriented culture attempt to develop human competencies and coop-
erative processes by building consensus. In contrast, firms with a control-oriented
culture attempt to improve internal organizational efficiency through control mecha-
nisms. These are two internally oriented culture types that are differentiated in terms
of the second dimension based on their individuality and flexibility (collaborate-
orientation) or stability and control (control-orientation). Next, firms with a compete-
oriented culture seek to enhance their competitiveness and prioritize customers and
shareholders. As aresult, firms with a compete-oriented culture tend to judge success
in terms of their market share, revenue, and profitability. In contrast, firms with a
create-oriented culture seek to create future opportunities in the marketplace through
innovation and encourage entrepreneurship and changes. As a result, firms with a
create-oriented culture tend to judge success in terms of the development of new
products, services and technologies. These are two externally oriented culture types,
differentiated again in terms of the second dimension based on their individuality
and flexibility (create-orientation) or stability and control (compete-orientation). In
our survey, we asked respondent firms to choose up to three words to describe their
corporate culture from a total of eight words corresponding to the four quadrants.
Fiordelisi and Ricci (2014) use the CVF to examine the effect of corporate culture
on the relationship between firm performance and CEO turnover. However, as far
as we are aware, there are no empirical studies that examine the effect of corporate
culture on innovation using the CVF.
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1.3 Methodology

1.3.1 Survey Design

Before designing the “Survey of R&D Management Practices,” we visited five R&D
organizations on-site to meet with the managers and directors of R&D organizations
and/or human resources departments and asked about the firms’ R&D management
practices. We then incorporated their insights, as well as those from the related
literature described in Sect. 1.2, in the first draft of the survey questionnaire. Next,
we circulated the initial draft among them and asked for comments. In addition,
we asked three other R&D employees at different firms to answer the draft survey
questionnaire and provide feedback. Based on the comments and feedback, we then
made numerous changes to the questionnaire.

We focus on R&D management practices among business enterprises with system-
atic R&D operations. Specifically, we target business enterprises with paid-in capital
of 100 million yen or more that undertake R&D activities. Because many firms in
service industries do not conduct R&D, we target firms in manufacturing (Japan
Standard Industrial Classification [JSIC]: 09-32), information and communications
(JSIC: 37-41), and wholesale and retail trade (JSIC: 50-55). We construct our sample
by identifying firms in the 2017 and 2018 rounds of the Survey of Research and Devel-
opment conducted by the Statistics Bureau of Japan, Ministry of Internal Affairs and
Communications meeting these criteria.” There were 3,456 such firms. It should be
noted that since we do not include firms with paid-in capital of less than 100 million
yen and firms in industries other than manufacturing, information and communica-
tions, and wholesale and retail trade, our results may not reflect R&D management
practices and innovation among Japanese firms overall.

We then conducted our “Survey of R&D Management Practices” in January—
February 2020.” Survey questionnaires were sent out to the 3,456 firms and we asked
for questions to be answered by the person(s) most qualified to respond with regard
to the following: (1) R&D expenditure, R&D personnel, and R&D organizational
structure, (2) R&D project management, (3) personnel evaluation of researchers
and engineers, and (4) R&D outputs. In addition to these questions, we asked firms
to provide some details on the person who responded to our questionnaire (such
as the job title and number of years with the company). Many respondents were
in managerial positions of R&D organizations or general affairs divisions and had
worked for their company for “more than 20 years.” The survey consists of up to 32
questions (depending on the survey path taken), and we checked that it took about
25-35 min to complete all questions. We asked respondents to provide answers as
of fiscal year (FY) 2018 and on a non-consolidated basis, unless stated otherwise.
The survey questionnaire that we sent to respondent firms and a glossary of terms
attached to the survey for respondents’ reference are provided in the Appendix.

7 For details of the Survey of Research and Development, see the following website: https://www.
stat.go.jp/english/data/kagaku/index.html (accessed 16 November 2021).
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The filled-in surveys were returned by mail or via a website by the end of March
2020. To increase the survey response rate, we sent reminder emails and/or made
reminder telephone calls to firms that had not responded to the questionnaire. We
also checked the accuracy of the answers to the questions by examining whether they
were mutually and/or logically consistent and asked respondents for confirmation
when necessary. Following this procedure, we were left with 611 valid responses
for a response rate of 17.7%. Of these 611 responses, 150 (24.5%) were received by
mail and 461 (75.5%) online. We summarize the results of the survey in Ono et al.
(2020) and in September 2020 sent this summary to firms that had responded to the
questionnaire.

1.3.2 Summary Statistics

This subsection provides summary statistics of the sample that we use in the subse-
quent analyses. In constructing the sample, we match our survey data with data
taken from the Survey of Research and Development. Specifically, we use the 2019
Survey of Research and Development, which reports the basic characteristics of the
firms as of FY 2018.%8 We use the Survey of Research and Development for several
important variables that characterize respondent firms, such as their sales turnover
and R&D expenditure as well as the total number of employees, number of R&D
employees, and employees with a doctorate degree—information that is not included
in the survey.

Table 1.1 presents the number of firms in the sample overall by industry and firm
size. The latter is measured in terms of the number of employees. We classify the
sample into small firms (with 300 or fewer employees), medium-sized firms (with
301 to 1,000 employees), and large firms (with more than 1,000 employees). Small
firms make up the largest share of the sample (51.4%), followed by medium-sized
firms (31.9%), and large firms (16.7%). In terms of industry, the sample consists of
558 manufacturing firms (91.3%) and 53 non-manufacturing firms (8.7%). Table 1.1
breaks down manufacturing into five subcategories and non-manufacturing into two
subcategories. Within manufacturing, the top two industries in terms of the number of
observations are the machinery and equipment industry with 226 firms (37.0%) and
the chemical, petroleum, coal, and plastic products industry with 161 firms (26.4%).
The former includes manufacturers of motor vehicles, parts and accessories, while
the latter includes manufacturers of pharmaceuticals and medicinal chemicals, two
industries that spend a large amount on R&D.

The firm size distribution varies across industries. The share of small firms is
larger in non-manufacturing (73.6%) than that in manufacturing (49.3%). Within
manufacturing, small firms account for the largest share in the chemical, petroleum,

8 There are several firms for which data from the 2019 Survey of Research and Development were
unavailable. We use data from either the 2018 or 2017 Survey of Research and Development for
these firms.
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Table 1.2 Number of employees

N Mean Median S.D.
Entire sample 611 764.6 287.0 1,658.0
By industry
Manufacturing industries 558 7924 3105 1,704.5
Food, beverages, and tobacco 60 673.7 334.5 9299
Chemical, petroleum, coal, and plastic products 161 514.1 238.0 735.2
Iron, steel, and non-ferrous metals products 56 1,013.9 401.5 2,309.8
Machinery and equipment 226 1,012.4 335.0 2,236.5
Miscellaneous manufacturing 55 607.1 308.0 782.6
Non-manufacturing industries 53 471.4 122.0 1,014.5
Information and communications 31 678.0 103.0 1,289.5
Wholesale and retail trade 22 180.3 167.0 146.6

coal, and plastic products industries (58.4%). In contrast, large firms account for the
largest share in the machinery and equipment industry (20.8%).

Table 1.2 provides descriptive statistics on the number of employees by industry.
The overall sample mean is 765 employees, while the median is 287 for the whole
sample, suggesting that the distribution of the number of employees is highly skewed.
This is because the sample includes nine firms that have more than 5,000 employees.
Firms in manufacturing industries have a larger number of employees than those in
non-manufacturing industries. In particular, firms in the iron, steel, and non-ferrous
metal products industry (mean: 1,014) and the machinery and equipment industry
(mean: 1,012) have a larger number of employees than their counterparts in other
industries.

1.4 R&D Outcomes and Inputs

1.4.1 R&D Outcomes

In the survey, we define the success of R&D outcomes in terms of whether a firm
developed process innovations or product innovations during the past three years,
from FY2016 to FY2018.” Table 1.3 provides an overview of the share of firms that

9 We define “process innovation” as new or significantly improved production processes and
methods of providing services and/or delivering products or support activities that include signif-
icant improvements in techniques, equipment, and/or software. We define “product innovation”
as new or significantly improved goods or services with respect to their technical specifications,
components and materials, software in the product, user friendliness, or other functional character-
istics that include new combinations of existing technologies or technology upgrades of existing
goods or services. For details, see the glossary of terms in the Appendix. The definitions of process
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Table 1.3 Firms that introduced process and product innovations

N Process innovation Product innovation
Share S.D. Share S.D.
(%) (%)
Entire sample 609 44.5 49.7 544 49.9
By firm size
(a) Small 313 36.4 48.2 47.0 50.0
(b) Medium 194 44.9 49.9 56.7 49.7
(c) Large 102 68.6 46.6 72.5 44.8
By industry
Manufacturing industries 558 46.8 49.9 55.0 49.8
Food, beverages, and tobacco 60 51.7 50.4 71.7 454
Chemical, petroleum, and 161 44.1 49.8 497 50.2
plastic products
Iron, steel, and non-ferrous 56 42.9 49.9 55.4 50.2
metals products
Machinery and equipment 226 46.0 50.0 52.7 50.0
Miscellaneous manufacturing 55 56.4 50.1 61.8 49.0
Non-manufacturing industries 51 19.6 40.1 47.1 50.4
Information and 30 20.0 40.7 46.7 50.7
communications
Wholesale and retail trade 21 19.0 40.2 47.6 51.2
Difference N Share S.E. Share S.E.
(%) (%)
(a)—(b), Small vs. Medium 507 —8.4%* 4.5 —9.7*%*% 1 4.6
(b)—(c), Medium vs. Large 296 —23.8%*%* 1 6.0 —15.8%** |59
(a)—(c), Small vs. Large 415 —32.2%*% |55 —25.6%** | 5.6

Note *** ** and * indicate significance at the 1, 5, and 10% levels respectively

introduced process and product innovations by firm size and industry. This and all
following tables report the mean and the standard deviation of the variables and test
differences between subsamples using a two-sample equal variance ¢-test.' Among
firm size categories, we choose two out of three categories and test the difference
between the two subsample means. *, **, and *** in tables denote statistical signifi-
cance at the 10%, 5%, and 1% levels, respectively. For some highly skewed variables,
we also report the median.

and product innovation and the novelty of product innovation (Table 1.4) are based on the Oslo
Manual 2018 by the Organisation for Economic Co-operation and Development, which provides
international guidelines on innovation statistics.

10 We use r-tests for all variables and do not use binomial tests for categorical variables. As robustness
checks, we conducted binomial tests for several categorical variables and confirmed that there is no
substantial difference between the #-tests and the binomial tests for our sample sizes.
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Table 1.3 shows that the percentage shares of firms that developed process inno-
vations and product innovations are 44.5% and 54.4%, respectively. Larger firms are
more likely to develop both process and product innovations. By industry, firms in
the information and communications industry show the lowest propensity to produce
process innovations (20.0%) and product innovations (46.7%), while those in the
food, beverage, and tobacco industry show the highest propensity to produce product
innovations (71.7%).

For firms that introduced product innovations in the market, the survey asked
follow-up questions on the novelty of the products, and we define two types of product
novelty. The first refers to new or significantly improved goods or services that no
competitors were offering (referred to as “new-to-market” products), while the second
refers to new or improved goods or services that were the same as or very similar to
ones already offered by competitors (referred to as “new-to-firm” products).

Table 1.4 reports the percentage shares of firms that introduced new-to-market
and/or new-to-firm products during FY 2016-2018. Of the 329 product innovators,
17.3% (57 firms) developed new-to-market products but did not develop new-to-firm
products (“new-to-market products only”). Meanwhile, 41.3% of product innovators
(136 firms) developed new-to-firm products but did not develop new-to-market prod-
ucts (“new-to-firm products only”), and 41.3% (136 firms) developed both types of
products (“both types of products”).

The percentage shares of “new-to-market products only,” “new-to-firm products
only,” and “both types of products” firms are similar for medium-sized and large
firms. By contrast, a considerably larger share of small firms (25.2%) than large
and medium-sized firms (ca. 11%) generate new-to-market product innovations. On
the other hand, the share of small firms generating new-to-firm product innovations
(36.1%) is lower than that of medium-sized firms (48.2%) and large firms (41.7%).
These results suggest that small firms are more oriented toward developing new-to-
market products. This may be because small firms have a comparative disadvantage in
accumulating intangible assets such as reputation and brand recognition and therefore
seek to build an advantage through the introduction of novel products. In contrast,
large firms tend to pursue both types of product innovation: the percentage share of
“both types of products” for large firms is 47.2%, which is higher than that for small
firm (38.8%) and medium-sized firms (40.9%). It should be noted, however, that the
differences among the three types of firms are not statistically significant.

The distribution of firms in terms of the type of product innovation also varies
across industries. The food, beverage, and tobacco industry has the highest share
of firms generating new-to-market products only (23.3%), while the wholesale and
retail trade industry has the highest share of firms generating new-to-firm products
only (60.0%), and the chemical, petroleum, coal, and plastic products industry has
the highest share of firms generating both types of product innovation (47.5%).

In the tables below we report summary statics for the responses to our survey
questions by firm size, by whether a firm has made product innovations (“innovator”
or “non-innovator’), and in terms of the novelty of product innovations that a firm
has made (“new-to-market” or “new-to-firm”). Because we focus on the interac-
tion between R&D management practices and innovation, we examine whether the

LLINY3
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summary statistics for various R&D management practices differ between product
innovators and non-innovators by conducting two-sample equal variance -tests.'!
We recognize that differences between product innovators and non-innovators may
reflect differences in firm characteristics such as firm size. While it is beyond the
scope of this study to examine this possibility in detail, we add footnotes where we
suspect that correlations may be spurious.

Because our sample consists of firms with systematic R&D operations, it is likely
that non-innovators, at least some of them, have tried to create product innovations
but failed in the past three years. In the analysis below, we therefore assume that non-
innovators have attempted to make product innovations but failed to do so. In addition,
we use the novelty of product innovations among product innovators to examine
the tension between explorative and exploitative innovation. For this purpose, we
assume that firms that introduced new-to-market products in the preceding three
years pursued explorative R&D, whereas those that introduced new-to-firm products
in the preceding three years pursued exploitative R&D. More specifically, in the
analysis below, we regard firms that introduced “new-to-market products only” as
firms creating explorative innovations and firms that introduced “new-to-firm prod-
ucts only” as firms creating exploitative innovations.'> Based on these assumptions
with regard to product non-innovators and product novelty, we examine whether the
results of the survey are consistent with the predictions of the related literature we
outlined in Sect. 1.2.

1.4.2 R&D Inputs: R&D Expenditures

This subsection reviews respondent firms’ total R&D expenditure in FY 2018, their
funding sources for R&D expenditure, and the importance of various factors taken
into account when determining the level of R&D expenditure.'?

1.4.2.1 Amount of R&D Expenditure

Table 1.5 reports summary statistics on firms’ total amount of R&D expenditure and
its ratio to total sales (referred to as the R&D-to-sales ratio). The mean of R&D

1 We do not report summary statistics for process innovations in the tables below because in many
cases the results are qualitatively similar to those for product innovations. Because we also focus
on product novelty, we chose to report the results for product innovation.

12 Firms that developed “both types of products” are likely to pursue both explorative and exploita-
tive R&D. We do not report summary statistics for these firms because we cannot examine whether
R&D management practices differ between firms that pursue explorative R&D and firms that pursue
exploitative R&D when we use this subsample.

13 “R&D expenditure” in the survey refers to the total amount of expenses on R&D, irrespective
of whether such expenses are funded internally (e.g., through retained earnings) or externally (e.g.,
through grants from the government). R&D expenditure includes expenditures spent both within
and outside respondent firms.
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expenditure for the entire sample is 1.67 billion yen, while the median is 186 million
yen, suggesting that the distribution of R&D expenditure is highly skewed. Looking
at the means for small, medium-sized, and large firms, we find, unsurprisingly, that
larger firms spend a larger amount on R&D than small and medium-sized firm. We
therefore also calculate the R&D-to-sales ratio to adjust for firm size and find that
the mean of the R&D-to-sales ratio is 4.3%, while the median for the entire sample
is 1.8%. Interestingly, we find that the mean of the R&D-to-sales ratio is highest for
small firms (5.2%) and lowest for medium-sized firms (2.9%).

Innovating firms invest more in R&D than non-innovating firms. The mean of the
R&D expenditure of innovating firms (2.50 billion yen) is 3.6 times larger than that
of non-innovating firms (0.69 billion yen). However, the difference in the R&D-to-
sales ratio between innovating firms (4.3%) and non-innovating firms (3.9%) turns
out to be much smaller (1.1 times) and is statistically insignificant. This suggests
that the difference in R&D expenditure may simply reflect the fact that large firms
are more likely to succeed in making product innovations, as reported in Table 1.3.
More importantly, the insignificant difference in the R&D-to-sales ratio between
innovating firms and non-innovating firms suggests that factors other than R&D
inputs, such as R&D management practices, which we will examine later, may be
an important determinant of success in product innovation.

The total amount of R&D expenditure of new-to-market innovators (0.66 billion
yen) is two-fifth as large as that of new-to-firm innovators (1.98 billion yen), but the
difference between these subsamples is insignificant. By contrast, the R&D-to-sales
ratio for new-to-marketinnovators (9.4%)is 3.1 times higher than that for new-to-firm
innovators (3.0%) and the difference is statistically significant. This result indicates
that once we control for the effect of firm size on R&D expenditure, new-to-market
innovators invest more in their R&D activities than new-to-firm innovators.

1.4.2.2 Funding Sources for R&D Expenditure

The survey asked about the shares of different funding sources for R&D expenditure.
Funding sources are classified into four categories. The first is funding from head-
quarters or the business unit to which the R&D organization belongs. The second is
commissions received from other business units within the firm. The third is funding
from outside the firm including commissions, subsidies, grants, etc. The fourth is
sources other than these three categories.

Table 1.6 shows that 89.2% of R&D expenditure is provided by headquarters or
the business unit to which an R&D organization belongs. The tendency for funding to
come primarily from headquarters or the business unit to which the R&D organization
belongs is particularly pronounced among small and medium-sized firms. On the
other hand, among large firms, the sources of funding are more dispersed, with
headquarters accounting for 84.6%, other business units for 8.0%, sources outside
the firm for 5.2%, and other sources for 2.2%.

The differences in funding sources between non-innovators and innovators and
between new-to-market innovators and new-to-firm innovators are small. One notable
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feature is that new-to-market innovators obtain a higher share of funding from “other”
sources (5.3%) than new-to-firm innovators (0.0%). However, the primary funding
source for new-to-market innovators nevertheless also is the headquarters or the
business unit to which the R&D organization belongs (87.3%).

1.4.2.3 Determinants of R&D Expenditure

Table 1.7 reports the importance of different factors that firms take into account
when determining their total R&D expenditure. The survey provides six factors as
possible determinants: gross sales in the previous year, profits in the previous year,
R&D expenditure in the previous year, labor costs of the firm’s R&D organization(s),
cumulative costs of individual R&D projects, and annual sales goals for new products
as a share of total sales. Firms were asked to answer whether each of these factors was
“fully taken into account,” “to some extent taken into account,” “not very much taken
into account,” or “not taken into account at all.” Table 1.7 reports the share of firms
that took each of the factors either “fully” or “to some extent” into account. We assume
that these factors are linked with the flexibility of the R&D budget. For example,
if a firm puts more weight on gross sales or profits, the firm can flexibly adjust its
R&D budget to its financial situation. By contrast, if a firm puts more weight on the
R&D expenditure in the previous year and the cost of labor and research projects,
the firm is likely to be bound by cost-related factors, making the research budget less
flexible. In addition, based on anecdotal evidence that innovation-oriented firms set
annual sales targets for new products as a share of total sales, the survey asked about
the importance of this factor in determining the R&D budget.

The top three factors that the majority of firms in the sample said they took
“fully” or “to some extent” into account are the R&D expenditure in the previous
year (83.1%), the labor costs of their R&D organization(s) (67.8%), and profits in
the previous year (67.4%). As for R&D expenditure in the previous year, 30.9% of
firms “fully” take this into account as a determinant, and this share is much higher
than those for the other factors. In contrast, the share of firms that “fully” or “to
some extent” take into account annual sales goals for new products is only about
50%, making this the least important factor among the different options provided.
To sum up, these results indicate that firms take several factors into account when
determining their R&D budget, and cost-related factors are more important than
performance-related factors. This tendency is more prominent among large firms.
In fact, although the share of firms taking a particular factor into account is highest
among large firms for all factors, the difference between large firms on the one hand
and small and medium-sized ones on the other is significant only for cost-related
factors, i.e., R&D expenditure, labor costs, and the cumulative costs of individual
R&D projects.

Next, looking at differences between innovating and non-innovating firms shows
that the former are more likely to take cost-related factors into account when deciding
R&D expenditure. In addition, they are also more likely to consider performance-
related factors in determining R&D expenditure. Specifically, 64.0% of innovating

99 ¢
]



R&D Management Practices and Innovation: Evidence from a Firm Survey

1

24

(panunuoo)
s1o1eAouUl (I ILN)
108 8Ly a%14 1'69 LSy 9'0L S0¢ L'68 L'yy 8CL 081 L'Y9 9¢l wIy-01-maN (9)
s1oyeAouut (JALLN)
€08 A%y 1'8% 679 ey ¥'SL ¥'8¢ ¢'e8 1'8% 6'79 €08 1 4% LS | 1orew-01-maN (19)
SL0IPAOUUT ULLL-01-MIN] “SA 12YIDUL-01-MIN
008 (23 Ly 899 sy 9'IL L'ee 0'L8 L'yy SCL 181 0'v9 £33 s10)eAOUU] ()
008 S'Ly 881 [ '8y 6'C9 v '8L 88 19 0'0S s 8.T | sIojeaouur-uoN (p)
SAOIDAOUUJ *SA SAOIDAOUUI-UON
0s 0cs 8ty SYL 1'6¢ At 0'LT 6 8y 9CL L'Ly LS9 01 a31eT (9)
1°0S L6y 881 S19 Sov L'89 I'1€ 768 'Ly L9 (A4 0'6S S61 wnIpaA (q)
1°0¢ 0'1¢ '8 L9 '8% L9 Sy 7oL S'Ly 6'S9 L6y 796 1483 [Tews ()
az1s uLf g
008 L0S 6'LY €19 89y 8°L9 S'LE 1°¢8 69 V'L gov 886 119 ordures aruy
(%) (%) (%) (%) (%) (%)
‘as aIeys ‘as oIeys ‘as aIeyS ‘ass oIeyS ‘as aIeys ‘ass oIeyS
soes
€103 JO QIByS
® se sponpoid s30foxd Y (s)uoneziuesio
MU I0J S[e0S [enprAIpur jo g | Teok snotaaxd oy ur 1eak snoraaxd 1eak snoraaxd
S9es [enuuy 1500 2ADB[NWIND JosysooJoqe | armrpuadxe (Y QU) UI SJYoId | QY) UI SI[BS SSOID) N

armytpuadxa (129 [810) JO SJURUTWINR( LT d[qeL



25

1.4 R&D Outcomes and Inputs

KToA1309dSaI S[OAS] 9()T PUE G ‘T 9} I8 0UBIYIUSIS AJBIIPUI 4 PUB ‘4 ‘4 4y "OIMIPUAAX (1293 1810}
SUTUTWLI2)P UAYM , JUNODIB OJUT U B) JUSIXI SWOS 03,, 10  JUNOIIL 0JUI Udye) A[[nJ,, JOYIIL Y3im papuodsaljey) suuly Jo areys 25ejuadrad oy Juasardar sain31] 270N

sI10jeaouUl
6L 99 V'L v 'L 6'Y s L L 6'L— L'L £01— €61 JIN SA NIN ‘(22)—(12)
s10jeAOUU]
I'v| LS— 6'¢ 96— 8¢ | #xL'8— 0°€| #xx98— 8C| waxb I1— OV | sxx6'11— 609 | 'sA s101eAOUUI-UON ‘(9)—(P)
LS ol— VS| w811~ €6 | #xx981— SV | waxl’SI— 1Y 99— 9°¢ *€'6— 9y o81eT 'sa [rews “(9)—(e)
9| T¢— 8'C| #x0€l— VS| wxlTI— 9¢ 6'C— LS ye— 09 L9— L6T | 98reT 'sA wnipay (9)—(q)
Ov| Tl 144 (4! 194 09— Se| #xx87CI— 124 [ Sy 9C— 60S | WNIPaA 'sA e ‘(q)—(e)
(%) (%) (%) (%) (%) (%)
H'S| oreyS| H'S areys| H'S areys | H'S afeys | H'S areys| H'S aleyg
sofes
[101 JO oIBYS
® se sponpoid s3ofoxd Y (s)uoneziue3io Ieak
MU I0J S[e03 [enprAIpur jo axyd snotaaxd oy ur Ieak snoraaxd 1eak snoraaxd
SO[ES [ENUUY | S1SOD dATIR[AWIND) Jo s)s00 Joqe] | armipuadxe QY Q) Ul SIYoId | AU} UI SIBS SSOID) N QOUAIYI

armytpuadxa (129 [810) JO SJURUTWINR( LT d[qeL
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firms fully or to some extent take gross sales in the previous year into account,
compared to 52.2% of non-innovating firms—a difference of 11.9 percentage points.
Similarly, the share of firms that take profits in the previous year into account is 11.4
percentage points higher among innovating firms (72.5%) than non-innovating firms
(61.2%). Given that innovating firms are concerned not only about the costs of R&D
projects but also their gross sales and profits when deciding their R&D budget, the
results suggest that innovating firms are more flexible in adjusting their R&D budget
to their performance.

The shares of new-to-market innovators that take either performance-related
factors or cost-related factors into account are smaller than those of new-to-firm
innovators, except in the case of labor costs and annual sales goals for new products
as a share of total sales. However, for all factors, the differences between these two
subsamples are not statistically significant.

1.4.3 R&D Inputs: R&D Personnel

Next, we provide an overview of another R&D input: the total number of R&D
personnel and their age composition.'* Table 1.8(a) reports the number of R&D
personnel and the ratio to the total number of employees and Table 1.8(b) reports the
number of R&D personnel with a doctorate degree and the ratio to the total number
of R&D personnel. As in the case when we used the R&D-to-sales ratio in Table 1.5,
we use these ratios to adjust for firm size. Table 1.8(a) shows that the mean number
of R&D personnel is 74, while the median is 16. The mean of the R&D personnel-to-
total-employees ratio is 9.2%, and the median is 5.5%. While we find that the number
of R&D employees increases with firm size, no clear pattern in terms of the R&D
personnel-to-total-employees ratio can be observed: it is lowest for medium-sized
firms (7.7%) and highest for small firms (10.1%).

The mean of the number of R&D personnel is 107 for innovating firms and 35
for non-innovating firms, which means that the total number of R&D employees
of innovating firms is 3.1 times larger than that of non-innovating firms. However,
the means of the R&D personnel-to-total-employees ratio are approximately nine
persons for both subsamples, and the difference between the two is not significant.
These results are similar to the patterns observed for R&D expenditure and the R&D
expenditure-to-sales ratio in Table 1.5.

The mean of the number of R&D personnel of new-to-market innovators is 3.5
times smaller than that of new-to-firm innovators, while the R&D-to-total-employees
ratios are approximately 9% for both subsamples. Interestingly, the latter result is
different from that for the R&D expenditure-to-sales ratio in Table 1.5, where we
observed that the R&D-to-sales ratio of new-to-market innovators was significantly
larger than that of new-to-firm innovators. Taken together, the results in Tables 1.5 and

14 “R&D personnel” in the survey refers to individuals holding at least a bachelor’s degree (or
having equivalent or greater expertise) and engaged in R&D activities in their area of expertise for
more than half of their working hours.
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1.8(a) suggest that new-to-market innovators spend more on R&D than new-to-firm
innovators, but less of that spending is on R&D personnel.

Table 1.8(b) indicates that the majority of firms in the survey do not employ R&D
personnel with doctorate degrees.'> The mean of the number of Ph.D. researchers
is 3.9, while the median is 0, and the mean of the Ph.D. researchers-to-total R&D
personnel ratio is 5.4%. Looking at the subsample results, while the average number
of Ph.D. researchers is larger for larger firms, the ratio to R&D employees is approx-
imately the same across small, medium, and large firms (5-6%). Similarly, the share
of Ph.D. researchers is 5-6% regardless of whether firms are product innovators or
not, and whether firms are new-to-market innovators or new-to-firm innovators.

Table 1.9 reports the age composition of R&D personnel. In the sample overall,
researchers aged 24-34 years old accounted for 34.9%, those aged 35-44 for 27.2%,
and those aged 45 or older for 37.9%. We assume that job roles and titles correspond
to researchers’ age and refer to R&D personnel aged 24-34 as young researchers,
those aged 35-44 as middle or project managers, and those aged 45 or over as chief
or division managers. The share of chief or division managers in R&D organizations
is highest in small firms (41.4%), while the share of young researchers is lowest in
small firms (31.0%).

There is little difference in the age composition of researchers between product
innovators or non-innovators: the share of young researchers is around 35% at both
product innovators and non-innovators. However, when we compare the share of
young researchers between new-to-market innovators and new-to-firm innovators,
the share is smaller at the former (29.6%) than the latter (36.9%).

15 The White Paper on Science and Technology 2017 (Ministry of Education, Culture, Sports,
Science and Technology) shows that the percentage share of researchers with a Ph.D. in the total
R&D personnel in Japanese firms is 4.4% on average, which is lower than the corresponding shares
in other OECD countries. For example, the share is 10.1% in U.S firms and 6.7% in Korean firms.
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1.5 Organizational Structure of R&D Activities

In this section, we discuss the relationship between the organizational design of
R&D activities and innovation from the following two perspectives based on our
discussion in Sect. 1.2.1. First, we examine whether there is a link between the orga-
nizational structure of R&D activities, i.e., whether the R&D structure is centralized
or decentralized, and innovation outcomes. In particular, we examine whether there is
a link between a centralized R&D structure and explorative (new-to-market) innova-
tion. Second, we examine whether the delegation of authority to R&D organizations
promotes innovation.

In our survey, we first asked several questions about the organizational struc-
ture of R&D activities, such as the number of R&D organizations within a firm.'©
We then asked whether firms operated a centralized or decentralized R&D structure
(Sect. 1.5.1). In cases where firms had a hybrid R&D structure consisting of both
centralized and decentralized R&D activities, we also asked about the percentage
shares of R&D expenditure and R&D personnel devoted to centralized and decen-
tralized R&D activities (Sect. 1.5.2). Finally, to investigate whether firms delegate
authority to R&D organizations, we asked whether it is the R&D organization or
the human resources department that takes the initiative in hiring R&D personnel
(Sect. 1.5.3).

1.5.1 Centralized/Decentralized R&D Structure

Table 1.10 reports the number of R&D organizations a firm has and whether they are
directly controlled by business units or one or more of them are highly independent
of business units. The first column indicates that the mean of the number of R&D
organizations in the sample overall is 3.3, while the median is 1.0. We find that the
number of R&D organizations increases with firm size, and the differences between
the different size categories are statistically significant.

The mean of the number of R&D organization is 4.3 for innovating firms and 2.1
for non-innovating firms, which means that the total number of R&D organizations
of the former is approximately twice as large as that of the latter. The mean of the
number of R&D organizations of new-to-market innovators (2.1) is less than half
of that of new-to-firm innovators (5.5), although the difference between the two
subsamples is insignificant.

The second to fourth columns of Table 1.10 classify firms in terms of the orga-
nizational structure of their R&D activities. Specifically, following Argyres and

16 Using the terminology in Argyres and Silverman (2004; Fig. 2), “R&D organizations” in the
survey refers to organizations (such as departments, divisions, or units) in which R&D personnel
mainly conduct R&D. For the purpose of the survey, organizations that perform R&D activities
are regarded as “R&D organizations” even if their name does not include the words “Research” or
“Development.”
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Silverman (2004), we classify firms into the following three categories: firms with
a centralized R&D structure, where R&D organizations are highly independent of
business units, firms with a decentralized structure, where R&D organizations are
directly controlled by business units, and firms with a hybrid structure, i.e., firms
that have both a centralized R&D entity (such as a dedicated central R&D facility)
and decentralized R&D entities that are embedded in other business units.

The shares of firms in the sample overall that have a centralized, decentralized,
or hybrid structure are 45%, 41%, and 13%, respectively. Since the median of the
number of R&D organizations in the sample overall is 1.0, this result indicates that
the majority of firms in the sample have one R&D organization that is either highly
independent of business units or that is directly controlled by a business unit. The
percentage share of firms that have a centralized R&D structure is very similar across
small, medium, and large firms (42-46%). The share of decentralized structures is
highest among small firms (49%), while the share of hybrid structures is highest
among large firms (39%).

Innovating firms are more likely to choose a hybrid R&D structure and less likely
to choose a decentralized structure. The share of firms that have a decentralized
structure is 7 percentage points lower among product innovators (38%) than non-
innovators (45%), while the share of firms that have a hybrid structure is 8 percentage
points higher among product innovators (17%) than non-innovators (9%). The share
of firms that have a centralized R&D structure is about 45% for both subsamples and
there is little difference between the two.

We find that most new-to-market innovators do not have a hybrid structure but have
either a centralized or decentralized R&D structure. The shares of new-to-market
innovators that have a centralized or decentralized R&D structure are 49% and 42%,
respectively, while the share of firms that have a hybrid structure is only 9%. This
result may reflect the fact that many new-to-market innovators are small firms (Table
1.4), among which the share of firms with a hybrid structure is very small (5%). There
is little difference in the share of firms with a centralized R&D structure between
new-to-market innovators and new-to-firm innovators. This result is inconsistent with
Argyres and Silverman’s (2004) finding that firms with a centralized R&D structure
were more likely to develop explorative innovations (new-to-market innovations in
our case). The difference between our and Argyres and Silverman’s (2004) results
may be due to differences in the samples used: while 80% of the firms in our sample
are small and medium-sized firms, the firms in Argyres and Silverman’s (2004)
sample were mostly large conglomerate corporations.'’

Overall, we find that firms that developed product innovations, especially new-to-
firm innovations, are more likely to have a hybrid R&D structure. Among firms that
made product innovations, we find that most new-to-market innovators have either a

17 Because Argyres and Silverman’s (2004) sample consists mostly of large conglomerate corpo-
rations, 62.5% of their sample firms have a hybrid R&D structure. Similarly, Argyres et al. (2020)
focus on 130 large corporations.
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centralized or a decentralized R&D structure. This result is inconsistent with studies
(such as Argyres and Silverman 2004) that find that it is firms with a centralized
R&D structure that tend to generate radical innovations.

1.5.2 Allocation of R&D Expenditure and R&D Personnel
in Firms with a Hybrid R&D Structure

In the case of firms that had a hybrid R&D structure with both centralized and
decentralized R&D activities, we additionally asked about the allocation of R&D
expenditure and R&D personnel among the two. There are 77 firms that have a
hybrid structure in our sample. Because the number of observations is very small,
in this subsection we mainly report the summary statistics and do not discuss the
statistical significance of differences across different groups.

Table 1.11(a) shows the average number of independent R&D organizations and of
dependent R&D organizations that form part of another business unit for the 77 firms
that have a hybrid R&D structure. The average number of independent R&D orga-
nizations is 2.9, while the median is 1.0. Further, the average number of dependent
R&D organizations is 8.7, while the median is 3.0. Thus, the number of dependent
R&D organizations is larger than that of independent R&D organizations, presum-
ably because some large firms have many business units. Looking at the median of
the sample overall, the typical firm in our sample has four R&D organizations: one
independent and three dependent ones.

Large firms have more R&D organizations, and this is reflected primarily in the
number of R&D organizations that are part of another business unit. The average
number of dependent R&D organizations of large firms (15.3) is 8.5 times larger than
that of small firms (1.8), while the average number of independent R&D organizations
of large firms (4.4) is 3.6 times larger than that of small firms (1.2).

Turning to innovation, innovating firms have a larger average number of both
independent and dependent R&D organizations than non-innovating firms. Looking
at the median for the subsample of product innovators, we find that the typical
innovating firm has one independent and three or four dependent R&D organizations.
Among product innovators, new-to-market innovators have a smaller number of each
type of R&D organization than new-to-firm innovators. Looking at the medians,
the typical new-to-market innovator has one independent and one dependent R&D
organization, while the typical new-to-firm innovator has two independent and four
dependent R&D organizations.

Table 1.11(b) reports the percentage shares of R&D expenditure and R&D
personnel accounted for by independent R&D organizations at firms with hybrid
R&D structures. The mean (median) of the R&D expenditures share of indepen-
dent R&D organizations is 44.5% (40.0%), while the mean (median) of the R&D
personnel share of independent R&D organizations is 40.3% (30.0%). Table 1.11(a)
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showed that the medians of the number of independent and dependent R&D organi-
zations are one and three, respectively so that the percentage share of the number of
independent R&D organizations is 25%, which is smaller than the percentage shares
of R&D expenditure and R&D personnel. This suggests that, among firms that have
a hybrid R&D structure, independent R&D organizations account for more R&D
inputs (in terms of expenditure and employees) than dependent R&D organizations.

1.5.3 Initiative in Hiring R&D Personnel

Table 1.12 shows the responses to the question about who takes the initiative in
hiring R&D personnel, the R&D organization or the human resources (HR) depart-
ment.'® The most frequent answer is both the R&D organization and the HR depart-
ment (58.1%), followed by the HR department (21.1%), and the R&D organization
(15.9%). Thus, in most firms, the R&D organization and the HR department jointly
take the initiative in hiring R&D personnel. The pattern is quite similar for small,
medium, and large firms. However, one notable finding is that the percentage share
of small firms that responded “other” (7.3%) is significantly higher than that of
medium-sized and large firms.

The percentage share of firms where both the R&D organization and the HR
department take the initiative is significantly higher for innovating firms (62.5%)
than for non-innovating firms (52.9%). In contrast, the share of firms where the
R&D organization takes the initiative is significantly lower for innovating firms
(13.3%) than for non-innovating firms (19.1%). The latter result is inconsistent with
studies that found a positive link between the delegation of authority and innovation
such as Acemoglu et al. (2007) and Kastl et al. (2013). Among innovating firms, the
percentage share of firms where the R&D organization takes the initiative in hiring
R&D employees is significantly higher for new-to-market innovators (19.3%) than
for new-to-firm innovators (8.8%). This result suggests that there is a positive link
between the delegation of authority and explorative innovation and appears consistent
with the findings by Acemogluetal. (2007) and Kastl et al. (2013). Overall, Table 1.12
shows that whether the delegation of authority to R&D organizations is positively
associated with innovation depends on the proxy used for innovation, i.e., whether
a firm introduced new products in the market, or the type of product innovation
(new-to-firm or new-to-market).'”

18 1n Sect. 1.6.1.3 (Table 1.15), we will examine to what extent the authority to manage R&D
projects is delegated to R&D organizations.

19 Although not directly related to the key concern of this monograph—the link between R&D
management practices and innovation outcomes—it should be noted that R&D decentralization
and the delegation of authority over R&D activities may be closely intertwined, as pointed out in
footnote 4 in Sect. 1.2.1. As an aside, we therefore examine whether there is a link between the
delegation of authority in hiring R&D personnel to R&D organizations (Table 1.12) and whether
firms have a centralized or decentralized R&D structure (Sect. 1.5.1, Table 1.10). We find that the
percentage share of firms where the R&D organization takes the initiative in hiring R&D personnel
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1.6 R&D Project Management

This section investigates how R&D projects are managed. Specifically, we examine
whether and how staged project management, in which the project proceeds in
consecutive multiple stages, is implemented. Based on the discussion and litera-
ture review (e.g., Manso 2011) in Sect. 1.2.2, we focus on the threat of termination
and feedback in staged project management.

We first provide an overview of the ongoing R&D projects of firms in the sample,
including the number of projects and their track record, i.e., whether they were
suspended, terminated, or continued (Sect. 1.6.1). We then examine whether and
how firms implement staged project management (Sect. 1.6.2). In particular, for
firms that implement staged project management, we examine whether firms set
milestones in assessing whether an R&D project should be continued and, if they
do, how important these milestones are in assessing whether the R&D project is
continued (Sect. 1.6.2.1). We also examine whether firms provide feedback to R&D
personnel in charge of the project, and if so, whose opinions are incorporated in the
feedback (Sect. 1.6.2.2).

1.6.1 Overview on R&D Projects

1.6.1.1 Number of R&D Projects

Table 1.13 reports the approximate number of R&D projects in progress. The mean
of the number of ongoing projects for the whole sample is 23.9, while the median
is 6.0. Because it is likely that the number of R&D projects is positively correlated
with firm size, we also calculate the ratio of the number of ongoing projects to 100
employees (which we refer to as the project-to-employee ratio). The mean of the
project-to-employee ratio is 6.9 and the median is 2.3.

Table 1.13 shows that while the number of ongoing projects increases with firm
size as expected, the project-to-employee ratio does not and is lowest for medium-
sized firms (2.9) and highest for small firms (10.5). These patterns are similar to

is 20.0% for firms with a centralized R&D structure while it is 14.1% for firms with a decentralized
R&D structure. Further, the difference between the subsamples is weakly significant, indicating
that in firms with a centralized R&D structure R&D organizations have greater authority in hiring
employees. While this result suggests that R&D decentralization and delegation of authority to
R&D organizations capture the same aspect of the organization of R&D activities, our analyses also
showed that the empirical link between the organizational structure of R&D activities and innovation
outcomes presented in Sect. 1.5.1 is different from the empirical link between the delegation of
authority over R&D activities and innovation outcomes presented in this subsection (Sect. 1.5.3).
We therefore think that it is safe to assume that the delegation of authority in hiring R&D personnel
to R&D organizations and whether R&D activities are centralized or decentralized captures different
aspects of the organization of R&D activities.
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those in Table 1.5 for the R&D expenditure-to-sales ratio and Table 1.8 for the R&D
personnel-to-total-employees ratio.

The mean of the number of projects in progress is 30.8 for product innovators
and 15.8 for non-innovators. However, the mean of the project-to-employee ratio
is 7.3 for the former and 6.5 for the latter, and there is no significant difference
between the two subsamples. Among product innovators, the mean of the number
of ongoing R&D projects for new-to-market innovators (11.6) is less than half of
that for new-to-firm innovators (26.7), but the difference is statistically insignificant.
By contrast, the mean of the project-to-employee ratio for new-to-market innovators
(7.1) is 1.6 times higher for new-to-firm innovators (4.4), and the difference between
the subsamples is statistically significant. This result indicates that, once we adjust
for firm size, new-to-market innovators undertake a larger number of R&D projects
than new-to-firm innovators, presumably because new-to-market innovations require
more experimentation.

1.6.1.2 Duration of R&D Projects

Next, we turn to the duration of R&D projects, about which the survey asked two
questions. First, it asked about the average number of years from the commencement
of a project to the achievement of final results. And second, it asked about the
approximate share of current R&D projects that have continuously been ongoing for
more than three years. Table 1.14 presents the results.

The mean of the average duration of R&D projects of firms in the entire sample
is 3.5 years. Meanwhile, the mean of the percentage share of current R&D projects
that had been in progress for more than three years is 38.7%, which is in line with
the finding that the average duration is 3.5 years.

Looking at various subsamples, the means of the average duration of R&D
projects are quite similar for small and medium firms, product innovators and
non-innovators, and new-to-market innovators and new-to-firm innovators. The one
subsample whose mean, at 3.9 years, is slightly larger than that of other firms is
large firms, which compares to 3.4 years for small and medium-sized firms. Similar
patterns are observed when looking at the percentage share of R&D projects that had
been ongoing for more than three years: we find no significant differences among
the various subsamples.

1.6.1.3 Termination or Suspension of R&D Projects

Table 1.15 reports whether a firm has any R&D projects that had been terminated
or suspended within the past three years (first column) and the approximate share of
projects where R&D organizations have the authority to decide whether to terminate,
suspend, or continue the project (right column). The table shows that 59.5% of firms
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in the whole sample had terminated and/or suspended at least one of their R&D
projects within past three years. We find that the share of firms that had terminated
or suspended an R&D project clearly increases with firm size, presumably because
larger firms have a larger number of ongoing R&D projects (Table 1.13).

The share of firms that had terminated and/or suspended projects is significant
higher for innovating firms (67.1%) than non-innovating firms (50.9%). This suggests
that innovating firms face challenges during the product development process more
frequently than non-innovating firms, resulting in a higher likelihood of termina-
tion/suspension. However, when we look at the shares for new-to-market innova-
tors (59.7%) and new-to-firm innovators (64.2%), we find that it is slightly lower
for new-to-market innovators. Because new-to-market innovators are more likely
to face challenges than new-to-firm innovators, this finding is inconsistent with our
interpretation above that innovating firms are more likely to terminate or suspend
projects because they face challenges more frequently. We infer that innovating firms
are more likely to terminate/suspend projects because both the share of innovating
firms (Table 1.3) and the share of firms that had terminated or suspended an R&D
project (Table 1.15) increases with firm size. This inference is consistent with the
observation that the share of new-to-market innovators is highest among small firms,
whereas the share of new-to-firm innovators is smallest among small firms (Table
1.4).

In Sect. 1.5.3, we examined to what extent R&D organizations have the authority
to hire R&D employees (Table 1.12). In Table 1.15, we examine the delegation of
authority to R&D organizations from a different angle. Specifically, we examine the
share of projects in a firm where the R&D organization has the authority to decide
whether to terminate/suspend or continue the project. We find that the mean of this
share is 40.8% (median: 30.0%). Looking at the different subsamples, the shares
are approximately 40% for small, medium, and large firms, and for product innova-
tors and non-innovators. Among innovators, the share is slightly higher for new-to-
market innovators (45.2%) than for new-to-firm innovators (40.6%), but the differ-
ence between the two is insignificant. In contrast to Table 1.12, where we observed
that the percentage share of firms whose R&D organizations had the initiative to
hire R&D personnel is higher for new-to-market innovators than for new-to-firm
innovators, there is no difference between the two in terms of R&D organizations’
authority to decide on the continuation of projects.

1.6.2 Staged Project Management

In the survey, we define staged project management as “a method of R&D
project management in which the project proceeds in consecutive multiple stages
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(phases).”?” Table 1.16(a) shows the percentage shares of firms that implement staged
project management for R&D projects. Moreover, firms that employed staged project
management were asked to provide more details, including the average number of
stages, whether they set intermediate goals (milestones) for the interim evaluation
of projects, and whether they provide feedback on the interim evaluation results to
R&D personnel in charge of the project. The results for these additional questions
are shown in Table 1.16(b).

The percentage share of firms that employ staged project management is 51.3%
(313 firms). We find that the likelihood of employing staged project management is
higher for larger firms. The share of innovating firms that employed staged project
management (64.7%) is higher than that of non-innovating firms (35.6%), suggesting
that there is a positive link between staging and making product innovation. Among
innovating firms, the share is 59.6% for new-to-market innovators and 57.4% for
new-to-firm innovators. The difference between the two subsamples is small and
insignificant.

Turning to the average number of stages in Table 1.16(b), we find that the mean of
the average number of stages for the whole sample is 4.6. It is slightly larger for large
firms (5.2) than for small firms (4.1). The differences between product innovators
and non-innovators and between new-to-market product innovators and new-to-firm
product innovators are small and insignificant.

Next, we look at the shares of firms that set milestones for interim evaluation and
that provide feedback on the evaluation results to R&D personnel. Among firms that
employ staged project management, 78.6% set milestones for interim evaluation,
and 85.3% provide feedback on the interim evaluation results to R&D personnel.
Large firms are more likely to set milestones: the share of large firms that set mile-
stones (93.3%) is significantly higher than those of medium (79.3%) and small firms
(69.7%). However, we find that the provision of feedback does not increase with firm
size.

The share of firms that set milestones is significantly higher among product inno-
vators (81.3%) than non-innovators (72.7%). In addition, the share of firms that
provide feedback is also significantly higher among product innovators (88.8%) than
non-innovators (77.6%). Among product innovators, the share that set milestones is
similar for new-to-market (79.4%) and new-to-firm innovators (78.2%). The share of
firms that provide feedback is slightly higher for new-to-market innovators (88.2%)
than new-to-firm innovators (82.1%), but the difference between the subsamples is
insignificant.

20 Specifically, in the glossary of terms sent to respondents (see the Appendix), we defined staged
project management as follows:

“Staged project management” refers to the management of R&D projects in consecutive
stages, such as “ideation and concept development,” “preliminary assessment of commercial-
ization,” “development,” “testing and validation,” and “production and marketing.” Staged
project management also entails a phase-based interim evaluation that affects the decision
about whether the project is continued, suspended, or abandoned, as well as a revision of the
schedule.
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To sum up, we find that firms that succeed in making product innovations are
more likely to manage R&D projects in stages, set milestone for interim evaluation,
and provide feedback on a project’s interim evaluation results to researchers. These
results are consistent with the literature highlighting the positive effects of staging in
R&D projects (Cooper 1988, 2017) and VC investments (Sahlman 1990; Gompers
1995; Kaplan and Stromberg 2003). We do not find any differences between new-to-
market innovators and new-to-firm innovators. In particular, we do not find evidence
suggesting that staging deters firms from engaging in explorative R&D projects. In
the following subsections, we examine the role of milestones and feedback in more
detail.

1.6.2.1 Milestones

As noted, firms that employ staged project management were asked a number
of further questions. In addition to whether they set milestones (Table 1.16), we
also asked how important these milestones were for successfully completing a
project. Specifically, we divided project management stages into “initial stages”
(e.g., idea/basic research) and “late stages” (e.g., preparation for launching new
goods/services) and asked to what extent firms took into account whether milestones
were achieved when assessing whether to terminate/suspend or continue the R&D
project.

Table 1.17 reports the results for the importance of milestones, with panel (a)
showing those for initial stages and panel (b) those for late stages. In the initial
stages, 28.0% of firms “fully” take into account whether milestones were achieved in
deciding whether to terminate/suspend or continue an R&D project. In contrast, in late
stages, 63.0% of firms fully take milestones into account. These results indicate that
the achievement of milestones is more important in late stages than in initial stages. In
addition, if we assume that firms that “fully” take the achievement of milestones into
account for initial stages are firms that employ “the threat of termination” (Manso
2011) as a way to manage their R&D projects, our result suggests that 28.0% of
Japanese firms use such threat of termination. Another notable feature in Table 1.17
is that the share of firms that answered “not very much” or “not at all” to the question
of whether they take milestones into account is 10.9% (8.9 + 2.0) for the initial
stages. This suggests that about 10% of firms in our sample have “tolerance for early
failure” (Manso 2011). For comparison, the corresponding share for later stages 2.4%
(2.0+0.4).

Next, using firms that “fully” take milestones into account and firms that take mile-
stones “not very much” or “not at all” into account, we examine whether and how
“the threat of termination” and “tolerance for early failure” is linked to innovation
outcomes. The shares of firms in which R&D projects face the threat of termination
(i.e., milestones are “fully taken into account” in the initial stages) and the shares of
firms that have a tolerance for early failure (the sum of firms saying milestones are
“not very much taken into account” or “not taken into account at all” in the initial
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stages) are similar among small, medium, and large firms; between product inno-
vators and non-innovators; and between new-to-market and new-to-firm innovators.
For example, the share of firms that fully take milestones into account in the initial
stages is 22.2% for new-to-market innovators, while it is 26.2% for new-to-firm
innovators. This seems consistent with Manso’s (2011) argument that the threat of
termination promotes exploitation, but the difference between the two subsamples is
insignificant. Similarly, the share of firms that take milestone not very much or not
at all into account in the initial stages is 18.5% (14.8 + 3.7) for new-to-market inno-
vators, while it is 11.4% (9.8 + 1.6) for new-to-firm innovators. Again, this seems
consistent with Manso’s (2011) argument that tolerance for early failure promotes
exploration, but the difference between the two is insignificant. Overall, we do not
find evidence that the threat of termination and/or tolerance for early failure affects
the likelihood of engaging in explorative (new-to-market) innovation. Our results
are consistent with Manso’s (2011) theoretical prediction that whether the threat of
termination is beneficial or detrimental to exploration is ambiguous but inconsistent
with empirical findings by Ederer and Manso (2013) and Mao et al. (2014), who find
that the threat of termination is detrimental to exploration.

Finally, it should be noted that to what extent a firm considers the achievement
of milestones in deciding whether to continue an R&D project may be associated
not only with the extent to which firms employ the threat of termination in their
project management and with their tendency to tolerate early failure, but may also
be linked to other factors. For example, a firm that engages in a joint research project
with other firms (external partners) may put greater emphasis on the achievement of
milestones to comply with contracts governing such joint research. Other factors such
as receiving funds from VC investors, who usually invest in stages and set milestones
for their investment, may also be positively associated with the extent to which the
achievement of milestones is taken into account. Therefore, to examine whether
and how the threat of termination and tolerance for early failure are associated with
innovation outcomes requires proper statistical analysis, which we leave for future
studies.

1.6.2.2 Feedback

Further, as mentioned, in the case of firms that employ staged project management, we
also asked about feedback to researchers. Table 1.18 reports the results for the ques-
tion about whose opinions are incorporated when providing feedback on the interim
evaluation results to R&D employees. In the survey questionnaire, we provided
three possible, not mutually exclusive options: “Opinions from other research teams
within R&D organizations,” “opinions from non-R&D organizations (business units
and head office) within the company,” and “opinions (including informal ones) from
external experts outside the company.” We again divided project management stages
into initial and late stages and asked respondents in which stages these opinions
were incorporated. A firm may, for example, incorporate opinions from other research
teams within R&D organizations for both the initial and late stages (multiple answers
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allowed). If a firm did not incorporate specific opinions in any of the stages, we asked
firms to answer with “not incorporated.”

Table 1.18 reports the results. The most frequent answer regarding whose opin-
ions are incorporated is non-R&D organizations within the company (Table 1.18(b),
initial stage: 70.7%, late stage: 83.8%), followed by other research teams within
R&D organizations (Table 1.18(a), initial: 70.7%, late: 55.3%), and external experts
outside the company (Table 1.18(c), initial: 30.0%, late: 24.7%). We find that the
share of firms that incorporate opinions from external experts is the smallest among
the three options, and 62.4% of firms in the sample do not incorporate opinions
from external experts outside the company at all. Comparing the stage when opin-
ions are incorporated into feedback, we find that opinions from other teams within
R&D organizations and those from non-R&D organizations are equally incorpo-
rated in the initial stages, whereas opinions from the latter are more likely to be
incorporated in the late stages. These results suggest that firms’ main concern is
the technological feasibility of product ideas when a project is launched, and as the
project progresses, concern gradually shifts to commercialization of the invention
and product marketing.

Looking at the subsample results in Table 1.18(b), the share of firms that incor-
porate opinions from non-R&D organizations in the initial stages is smallest among
large firms (60.6%). In addition, the share of firms that do not incorporate opinions
from non-R&D organizations is highest among large firms (9.1%). These results
suggest that large firms tend to not incorporate opinions from non-R&D organiza-
tions, presumably because they have a vertically segmented organizational structure.
Next, comparing product innovators and non-innovators, the share of firms that incor-
porate opinions from non-R&D organizations in the initial stages is significantly
higher among innovating firms (74.2%) than among non-innovating firms (61.8%).
This suggests that opinions from non-R&D organizations are important for making
product innovations.

Looking at the subsample results in Table 1.18(c), we find that the share of firms
that incorporate opinions from external experts is higher among new-to-market inno-
vators (initial: 36.7%, late: 46.7%) than new-to-firm innovators (initial: 26.6%, late:
23.4%). In addition, the share of firms that do not incorporate opinions from external
experts is significantly higher among new-to-firm innovators (67.2%) than new-to-
market innovators (46.7%). These results are consistent with Manso’s (2011) theo-
retical prediction that timely feedback on interim performance promotes explorative
innovation and Azoulay et al.’s (2011) finding that detailed and high-quality feedback
from experts leads researchers to produce higher-impact scientific articles.

While we found a positive link between seeking feedback from external experts
and new-to-market innovation, we note that there may be other factors that affect
from whom a firm seeks feedback. For instance, firms that obtain funding from
VC investors are more likely to have feedback from external experts, because VC
investors usually provide “value-added services” such as strategic and operational
guidance (Gompers et al. 2020). Another example is small firms, which make up
a sizable share of new-to-market innovators (Table 1.4) and may seek advice from
outside experts to compensate for a lack of experts within the firm.
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1.7 Evaluation of R&D Personnel

This section, based on our discussion in Sect. 1.2.3, examines how firms design
compensation contracts and incentive schemes to increase their R&D personnel’s
motivation for innovation.

We begin with an overview of salary schemes employed for R&D personnel
(Sect. 1.7.1). We then look more deeply into compensation contracts and incentive
schemes for R&D personnel. First, we examine to what extent Japanese firms use
performance-based evaluations (Sect. 1.7.2). Specifically, in Sect. 1.7.2.1, we focus
on the relative weights assigned to ability and performance in the evaluation of
a young R&D employee.’! In addition, in Sect. 1.7.2.2, we consider the criteria
firms use for the evaluation of R&D personnel. We use firms’ responses to examine
whether there is a negative association between performance-based evaluation and
the likelihood of innovation (as suggested, e.g., by Holmstrom and Milgrom 1991) or
apositive association (as suggested by Prendergast 2002 and Foss and Laursen 2005).
Second, we look at what kinds of pecuniary and non-pecuniary incentives firms offer
to R&D personnel and examine whether there is a link between these incentives and
innovation (Sect. 1.7.3). Third, we examine long-term incentives for R&D employees
from two different perspectives (Sect. 1.7.4). Specifically, in Sect. 1.7.4.1, we revisit
some of the questions used in Sects. 1.7.2.2 and 1.7.3. and regard the following two
items as incentives for long-term success: whether a firm employs the amount of
sales generated by new products as an evaluation criterion for the long-term success
of R&D personnel (see Table 1.21 in Sect. 1.7.2.2), and whether a firm employs
invention reward schemes as incentives for long-term success (see Table 1.22 in
Sect. 1.7.3). In Sect. 1.7.4.2, we focus on another potential long-term incentive for
innovation: the possibility of promotion of R&D personnel to top management levels.
Specifically, we ask firms whether a person that belonged to an R&D organization
in the past became a director on the board of the firm.

1.7.1 Salary Schemes for R&D Personnel

We conducted pre-interviews with several Japanese firms that actively engaged in
R&D activities and found that the majority of Japanese firms employ the same salary
schemes for their R&D personnel as for other employees. Based on this finding,
we asked firms what kind of salary scheme they employed for R&D personnel and
whether it was different from the salary schemes for other employees (multiple
choices allowed).

Table 1.19 reports the results for this question. We find that the most frequent

21 In the survey, we define “ability” as a person’s potential ability to perform their duties (e.g.,
willingness and attitude, cognitive ability, and interpersonal skills). We define “performance” as
a person’s results achieved in performing their duties. The results evaluated include, for example,
patent applications, prototype products, and commercialization.
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answer is that the “starting salary varies depending on the educational background”
(72.5%). Because such education-based salary schemes are widely used among firms
in Japan not only for R&D personnel but also for other employees, the result is
consistent with the finding in our pre-interviews. The second most frequent answer
is that the firm uses a “salary system based on performance-based pay” (14.6%),
followed by “a specific salary scheme for R&D personnel that differs from that for
other employees” (8.1%) and “R&D personnel can choose from among various salary
schemes” (2.1%). Meanwhile, 18.1% of firms in the sample answered that “none of
the salary schemes listed above are employed.” Because the percentage shares of
firms that use a performance-based salary scheme and a specific salary scheme for
R&D personnel are relatively low, we infer that the majority of Japanese firms do
not provide pay-for-performance compensation schemes for R&D employees.

Looking at the subsample results, we find that larger firms are more likely to
employ education-based salary schemes. The share is highest for large firms (82.2%)
and lowest for small firms (66.5%). In contrast, the share of firms that provide a
specific salary scheme for R&D personnel is lowest for large firms (2.0%) and highest
for small firms (10.2%).

The share of firms that employ a performance-based salary system is significantly
higher for product innovators (17.3%) than for non-innovators (11.5%). Although the
share of firms that employ a performance-based salary scheme is less than 20% even
among product innovators, this finding suggests that there is a positive association
between performance-based pay and product innovations. Meanwhile, there is little
difference between product innovators and non-innovators in terms of the other salary
schemes that we listed.

Among product innovators, the share of firms that employ an education-based
salary scheme is significantly lower for new-to-market innovators (63.2%) than for
new-to-firm innovators (77.8%). Because education-based salary schemes are widely
used among Japanese firms, the lower ratio for new-to-market innovators may suggest
that they are more likely to employ other salary schemes including performance-
based compensation schemes. However, the results in Table 1.19 do not bear this
out: the differences between new-to-market and new-to-firm innovators with regard
to the use of performance-based pay or R&D personnel-specific schemes are small
and insignificant.

Finally, the share of firms that answered “none of the schemes above are
employed” is higher among new-to-market innovators (22.8%) than for new-to-firm
innovators (14.8%), which suggests that new-to-market innovators are more likely
to employ salary schemes not listed in our survey, but the difference between the two
is again insignificant. Overall, while we find that new-to-market innovators are less
likely to employ education-based salary schemes, we cannot pin down which salary
schemes they are more likely to employ for R&D personnel.
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1.7.2 Performance- and Ability-Based Evaluation

1.7.2.1 Weights on Performance and Ability in Evaluation

In this subsection, we focus on the results for the question about the weight firms
put on “ability” and “performance” when evaluating R&D personnel in their early
30s. Table 1.20 shows the results for the weight put on performance (the results for
ability are omitted to save space since the two weights add up to 100%). The mean
of the approximate weight firms put on performance is 46.4%, while the mean of the
weight on ability is 53.6%.

Looking at subsamples, we observe several differences across firm groups in
terms of the weight they put on performance. First, while the means of the weight on
performance are quite similar across small, medium, and large firms, large firms put
a somewhat higher weight on performance (49.3%) than small firms (44.8%) and this
difference is significant. Second, product innovators put a significantly higher weight
on performance than non-innovators: the mean of the weight is 47.9% for product
innovators and 44.6% for non-innovators. This suggests that there is a positive link

Table 1.20 Weight put on performance in employee evaluation

N Mean (%) S.D. Median
Entire sample 599 46.4 18.1 50.0
By firm size
(a) Small 308 44.8 18.5 50.0
(b) Medium 192 474 16.9 50.0
(c) Large 99 49.3 18.6 50.0
Non-innovators vs. Innovators
(d) Non-innovators 274 44.6 18.1 50.0
(e) Innovators 325 47.9 17.9 50.0
New-to-market vs. New-to-firm innovators
(el) New-to-market (NTM) innovators 57 46.0 18.8 50.0
(e2) New-to-firm (NTF) innovators 133 47.6 18.7 50.0
Difference N Mean (%) S.E.
(a)—(b), Small vs. Medium 500 —2.6 1.6
(b)—(c), Medium vs. Large 2901 —-2.0 2.2
(a)—(c), Small vs. Large 407 —4 5%* 2.1
(d)—(e), Non-innovators vs. Innovators 599 —3.3%* 1.5
(el)—(e2), NTM vs. NTF innovators 190 —1.6 3.0

Note Figures represent the weight that respondent firms put on performance as opposed to ability in
the evaluation of an R&D employee in their early 30s. “Performance” refers to the level of achieve-
ment met in performing the job, while “ability” refers to the abilities demonstrated in performing
the job. ***, ** and * indicate significance at the 1, 5, and 10% levels respectively
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between product innovation and performance-based evaluation.”” Together with the
positive link between product innovation and performance-based salary schemes in
Table 1.19, these results are consistent with Foss and Laursen’s (2005) finding of a
positive link between innovation and the use of performance pay.>® Finally, among
product innovators, we do not find a significant difference between new-to-market
and new-to-firm innovators.

1.7.2.2 Criteria for the Evaluation of R&D Personnel

Table 1.21 presents results regarding the criteria that firms employ for the evaluation
of R&D personnel (multiple choices allowed). The survey provided seven criteria
as possible choices. Two of the criteria are related to the ability of R&D personnel,
namely, “research papers and conference presentations” and “acquisition of qualifica-
tions/degree.” The other four criteria are related to their performance, namely, “patent
applications/registrations,” “commercialization (launch) of new products,” “amount
of sales generated by new products to which the R&D employee contributed,” and
“R&D progress, including compliance with a schedule.”

We find that the most widely used criterion is “R&D progress” (71.5%). The
shares of firms using the other criteria are relatively similar. In descending order,
they are “acquisition of qualifications/degrees” (18.6%), “amount of sales generated
by new products” (14.7%), “commercialization of new products” (14.7%), “patent
applications/registrations” (9.6%), and “research papers and presentations” (4.4%).
The share of firms answering that “none of the criteria listed above are employed” is
8.1%. These figures indicate that the share of the most frequently cited performance-
related criterion (R&D progress) is about four times as large as the share of the most
frequently cited ability-related criterion (acquisition of qualification/degree). This
suggests that most firms in the sample are likely to employ performance- rather than
ability-related criteria for the evaluation of R&D employees. That said, it should

22 We note that such a positive link between product innovation and performance-based evaluation
could be due to the positive link between product innovation and firm size on the one hand and the
positive link between the weight put on performance and firm size on the other hand.

23 Note that while we find evidence of a positive link between product innovation and the use of
performance pay, in this monograph we do not examine the reasons for such a link. A possible expla-
nation is provided by Prendergast (2002), who argues that there may be a positive link between the
use of pay-for-performance and uncertainty (i.e., innovation, in our case) since in uncertain environ-
ments, a principal (manager) delegates responsibility to agents (employees) and uses performance-
based pay to compensate for agents’ unobservable effort (see Sect. 1.2.3). To check whether the
positive link between the weight firms put on performance in their evaluation of employees and
product innovation we find in Table 1.20 is consistent with Prendergast’s (2002) argument, we
examine the link between the delegation of authority in hiring R&D personnel to R&D organiza-
tions (Table 1.12) and the weight put on performance (Table 1.20). However, we find that the mean
of the weight on performance is almost identical between firms that delegate the initiative in hiring
R&D personnel to R&D organizations and firms that do not. Similarly, we do not find a positive
link between delegation and the likelihood of employing a performance-based salary scheme in
Table 1.19. Investigating the mechanism through which product innovation is positively linked to
performance is an issue we leave for future research.
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be noted that R&D progress, including whether an R&D employee complies with a
schedule, may not be a clear-cut criterion of employees’ performance since it does
not reflect the outcome of their R&D activities.

Large firms tend to utilize a variety of performance- and ability-related criteria
for evaluation. Specifically, the shares of large firms using ability-related criteria are
significantly higher than those of small firms: the percentage share of firms using
“research papers/presentations” is 7.9% for large firms and 3.5% for small firms,
while the percentage share of firms using “acquisition of qualifications/degrees” is
29.7% for large firms and 17.9% for small firms.

Similarly, product innovators are more likely to employ both ability- and
performance-related criteria, as the share of firms that replied “none of the -
criteria listed are employed” is significantly smaller among product innovators
(5.5%) than non-innovators (11.2%). Specifically, the share of firms using “R&D
progress” is significantly higher among product innovators (75.3%) than non-
innovators (66.9%). Among product innovators, the share of firms using “patent
applications/registrations” is significantly higher among new-to-market innovators
(15.8%) than new-to-firm innovators (6.7%). Again, this result is consistent with the
positive link between the use of performance pay and innovation found by Foss and
Laursen (2005). A larger share of new-to-market innovators use “commercialization
of new products” and “research papers/presentations” as criteria, although the differ-
ences between new-to-firm innovators with regard to these criteria are statistically
insignificant.

1.7.3 Incentive Schemes for R&D Personnel

Next, we turn to incentive schemes for R&D personnel. The survey provided a
list of six different types of incentives—three pecuniary and three non-pecuniary
incentives—and asked respondents to tick those that the firm employed (multiple
choices allowed). The non-pecuniary incentives were “in-house research presenta-
tions,” “dispatch to university and/or support for studying abroad,” and “open recruit-
ment for R&D projects,” while the pecuniary incentives were “awards for outstanding
R&D results,” “rewards based on the number of patent applications” (referred to as
“patent-based rewards” hereinafter), and “rewards based on the amount of profits
from inventions and patents (invention reward schemes).”

Table 1.22 shows that the two most widely used incentives are “patent-based
rewards” (49.6%) and “invention reward schemes” (44.8%). In descending order, the
percentage shares of the other incentives are “awards for outstanding R&D results”
(16.4%), “in-house research presentations” (10.5%), “dispatch to university/abroad”
(4.8%), and “open recruitment for R&D projects” (1.6%). Meanwhile, 21.7% of
sample firms responded that “none of the schemes above are employed.” These results
indicate that among firms that employ at least one of the listed incentive schemes,
pecuniary incentive schemes such as patent-based rewards and invention reward
schemes are more likely to be employed than non-pecuniary incentive schemes.
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Looking at subsamples, larger firms are more likely to employ patent-based
rewards and invention reward schemes. For example, the share of large firms that
employ patent-based rewards (69.6%) is significantly higher than those of small and
medium firms (37.4% and 58.8%, respectively). Among non-pecuniary incentives,
the share of firms that use “in-house research presentations” is significantly higher
for medium-sized firms (14.4%) than for small firms (9.3%) and large firms (6.9%).
Meanwhile, 33.9% of small firms used “none of the incentive schemes listed above,”
suggesting that small firms employ other incentives not listed in the questionnaire or
did not provide any incentives at all.

We find that product innovators are more likely to employ at least one of the
incentive schemes listed in the questionnaire: the share of product innovators that
replied “none of the schemes above are employed” is 15.8%, while that of non-
innovators is 28.8%. Consistent with this finding, the share of firms using a particular
incentive scheme is larger for product innovators than innovators for all schemes
except in-house research presentations. In particular, the share of product innovators
that employ patent-based rewards (56.2%) is significantly higher than that of non-
innovators (41.7%). Similarly, the share of product innovators that employ invention
reward schemes (50.8%) is significantly higher than that of non-innovators (37.4%).

Among product innovators, we find that new-to-market innovators are less likely
to employ non-pecuniary incentive schemes than new-to-firm innovators. The shares
of new-to-market innovators that use “in-house research presentations” (1.8%) and
“dispatch to university/studying abroad” (0.0%) are significantly lower than those
of new-to-firm innovators (10.4% and 6.7%, respectively). Turning to pecuniary
incentives, the shares of new-to-market innovators that use patent-based rewards
(47.4%) and invention reward schemes (45.6%) are also lower than those of new-
to-firm innovators (55.2% and 50.7%, respectively), but the differences between
new-to-market and new-to-firm innovators are insignificant.

To sum up, we found that product innovators are more likely to employ pecuniary
incentives than non-innovators. This result is consistent with studies such as Onishi
(2013) and Sauermann and Cohen (2010) but inconsistent with studies that found a
negative link between pecuniary incentives and innovation (e.g., Onishi et al. 2021).
Regarding non-pecuniary incentives, we do not find any associations between non-
pecuniary incentive schemes and product innovation. This finding is inconsistent
with Sauermann and Cohen (2010), who find a positive link between non-pecuniary
motives (i.e., preference for intellectual challenge and independence) and innovation
(i.e., the number of patent applications). However, among product innovators, we find
that new-to-firm innovators are more likely to employ non-pecuniary incentives than
new-to-market innovators. This finding indicates that the link between non-pecuniary
incentive schemes and innovation outcomes depends on how innovation is measured.
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1.7.4 Incentives for Long-Term Success

1.7.4.1 Rewards for Long-Term Success

To examine the role of incentives for long-term success, we focus on the following two
items already discussed in Sects. 1.7.2.2 and 1.7.3: the “amount of sales generated by
new products to which the R&D employee contributed,” which was one of the options
in the question on criteria used for the evaluation of R&D personnel (Table 1.21),
and “rewards based on the amount of profits from inventions and patents (invention
reward schemes),” which was one of the options in the question on incentive schemes
for R&D personnel (Table 1.22). In the sections above, we used these items to
examine whether a firm focused more on ability or performance in the evaluation of
R&D personnel (Sect. 1.7.2.2) and whether a firm used pecuniary or non-pecuniary
incentives (Sect. 1.7.3). In this subsection, we revisit these two items to examine
whether firms employ rewards for long-term success since it takes time for product
innovations to result in sales or profits.

Table 1.23 shows that 14.7% of sample firms employ “the sales amount generated
by new products” for the evaluation of R&D personnel. As discussed with regard
to Table 1.21, the share of firms using this criterion is not notably higher than the
share of other criteria, presumably because it is difficult to measure a single person’s
contribution to the introduction of a new product. In terms of the share of firms using
this criterion, there are no significant differences among small, medium, and large
firms, between product innovators and non-innovators, and between new-to-market
and new-to-firm innovators.

Next, turning to invention reward schemes, Table 1.23 shows that 44.8% of sample
firms employ such schemes as part of their incentive for R&D personnel. Larger firms
are more likely to employ invention reward schemes: the share is 67.6% for large
firms, 54.6% for medium firms, and 31.3% for small firms. Similarly, product innova-
tors (50.8%) are more likely to employ invention reward schemes than non-innovators
(37.4%). Among product innovators, the share of firms that employ invention reward
schemes is slightly lower for new-to-market innovators (45.6%) than for new-to-firm
innovators (50.7%), but the difference between the two is insignificant.

To summarize, we find that product innovators are more likely to employ inven-
tion reward schemes than non-innovators, but we do not find a positive link between
the “amount of sales generated by new products to which the R&D employee
contributed” and product innovation. This suggests that whether rewards for long-
term success contribute to making product innovation depends on the specific tool
that a firm employs. We do not find evidence that new-to-market innovators are more
likely to use rewards for long-term success than new-to-firm innovators.
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1.7.4.2 Possibility of Promotion

The survey examines another potential incentive for R&D personnel for long-term
success: the possibility of promotion. As discussed in Sect. 1.7.3, promotion is a
typical reward for long-term success. In the survey, we asked whether any of the direc-
tors on the board (e.g., chairperson, president, vice president) belonged to an R&D
organization in the past. For the majority of Japanese firms, some board members are
internally promoted from among employees who have worked at the firm for a long
time. Given this, the possibility that an R&D employee could potentially be nomi-
nated as a director on the board may work as a long-term incentive for rank-and-file
R&D personnel.

Table 1.24 shows that 38.3% of survey firms have at least one director on the
board who belonged to an R&D organization in the past. Looking at subsamples,
there are no significant differences among small (37.6%), medium (37.9%), and large
(41.2%) firms. Meanwhile, product innovators are more likely to have directors on
the board who belonged to an R&D organization than non-innovators. The share of
firms that have a board member from an R&D organization is 42.6% among product
innovators, while it is 33.1% among non-innovators, and the difference between the

Table 1.24 Directors on the board from R&D organizations

N Share S.D.
(%)
Entire sample 611 383 48.7
By firm size
(a) Small 314 37.6 48.5
(b) Medium 195 37.9 48.7
(c) Large 102 41.2 49.5
Non-innovators vs. Innovators
(d) Non-innovators 278 33.1 47.1
(e) Innovators 331 42.6 49.5
New-to-market vs. New-to-firm innovators
(el) New-to-market (NTM) innovators 57 40.4 49.5
(e2) New-to-firm (NTF) innovators 136 41.9 49.5
Difference N Share S.E.
(%)

(a)—(b), Small vs. Medium 509 —-0.4 44
(b)—(c), Medium vs. Large 297 —3.2 6.0
(a)—(c), Small vs. Large 416 —-3.6 5.6
(d)—(e), Non-innovators vs. Innovators 609 —9.5%* 39
(el)—(e2), NTM vs. NTF innovators 193 —-1.6 7.8

Note The table shows the share of firms that have a director on the board that belonged to an R&D
organization in the past. ¥** **_ and * indicate significance at the 1, 5, and 10% levels respectively
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two subsamples is significant. Among product innovators, we find no differences
between the share for new-to-market innovators (40.4%) and new-to-firm innovators
(41.9%).

To summarize, the results in this subsection and Sect. 1.7.4.1 indicate that product
innovators are more likely to employ invention reward schemes and have a director
on the board who belonged to an R&D organization than non-innovators. This
suggests that long-term incentives may be effective in promoting product innova-
tions. However, we do not find evidence that new-to-market innovators are more
likely to employ incentive schemes for long-term success than new-to-market innova-
tors. This result does not support Manso’s (2011) argument that reward for long-term
success is essential for motivating exploration.

1.8 Risk Preferences and Corporate Culture

Recent studies show that firms’ risk preferences and corporate culture are impor-
tant determinants of their risk-taking, including investment in R&D, as discussed in
Sect. 1.2.4. In this section, we examine how firms’ risk preferences and corporate
culture are linked with innovation outcomes.

In Sect. 1.8.1, we provide an overview of the results for three questions that try to
capture firms’ risk preferences. First, the survey directly asked whether respondents
felt that their firm is taking appropriate risk in R&D projects. Second, it set a hypo-
thetical question about an R&D project and asked about the maximum amount that
a firm would invest in this project to indirectly infer firms’ risk preferences. Third,
it asked respondent firms to choose between two otherwise identical projects: one
that has a greater NPV but negative cash flow for the first few years and another
that has a smaller NPV but positive cash flow throughout its duration. In Sect. 1.8.2,
we measure firms’ corporate culture by employing the CVF (Cameron et al. 2014)
introduced in Sect. 1.2.4, which categorizes corporate culture into the following
quadrants: Collaborate, Control, Compete, and Create.

1.8.1 Risk Preferences

Table 1.25 shows the results for the following question: “Do you think your R&D
organization is taking appropriate risks in R&D projects to achieve its goals?”” This
question tries to capture firms’ subjective risk preferences based on respondents’ own
judgement. Among the 606 firms that responded to this question, 60 firms (13.2%)
chose “Do not know.” We exclude these firms, resulting in 526 observations used for
Table 1.25.

We find that 68.4% of respondents in the sample believe that their firm takes an
appropriate level of risk, 23.4% believe that their firm does not take much risk, and
8.2% believe that their firm takes too much risk. These results are similar to those
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obtained by Graham et al. (2021), who asked the same question in their survey of
large North American firms and found that 60.2% respondents felt their firm took
the “right amount of risk.”

We find that the share of firms where the respondent believes the firm takes too
much risk is higher for larger firms: the shares for large, medium, and small firms are
12.1%, 10.2%, and 5.4%, respectively, and the difference between large and small
firms and that between medium and small firms are both statistically significant. By
contrast, the share of firms where respondents felt their firm takes an appropriate
level of risk is highest for small firms (73.7%).

The share of firms where respondents felt their firm takes the appropriate level
of risk is significantly higher for product innovators (72.0%) than non-innovators
(63.9%), suggesting taking the right amount of risk is important for product inno-
vation. Among product innovators, the share of new-to-market innovators where
respondents thought their firm takes the appropriate level of risk is 82.4%, which is
significantly larger than the corresponding share for new-to-firm innovators (65.2%).
In contrast, the share of new-to-market innovators where respondents thought that
their firm does not take much risk is 13.7%, which is significantly smaller than the
corresponding share for new-to-firm innovators (27.0%). Again, this result suggests
that appropriate risk taking is important for explorative innovations.

Table 1.26 shows the results for the following question: “Suppose there is an
R&D project that is expected to generate gross sales of 100 million yen immediately
if it is successful but gross sales of 0 yen if it fails. Assume that the probability
that the project is successful is 10%. How much would you invest in the project?”
This question also tries to capture firms’ subjective risk preferences, again based
on respondents’ own judgement. The expected return of this R&D project is 10
million yen (10% x 100 million yen), meaning that a risk-neutral firm would invest
10 million yen.”* Accordingly, in Table 1.26, we classify firms as “risk-neutral” if
they are willing to invest 10 million yen, as “risk-averse” if they are willing to invest
less than 10 million yen, and as “risk-tolerant” if they are willing to invest more than
10 million yen.

We find that the share of risk-averse firms is 37.4%, that of risk-neutral firms
30.8%, and that of risk-tolerant firms 31.8%. The #-tests among the subsamples
indicate that there are no significant differences in these shares among small, medium,
and large firms; between product innovators and non-innovators; and between new-
to-market and new-to-firm innovators.

Finally, in the survey we asked a hypothetical question about the choice between
two otherwise identical R&D projects. Project 1 offers a larger expected cumulative
profit (net present value) but is expected to make losses for several years after the
launch of the product. Project 2 has a smaller expected cumulative profit (net present
value) but is expected to generate stable profits after the launch of the product. We
assume all other conditions (e.g., initial investment costs, the probability of success
of the project, project duration, etc.) are the same for both Projects 1 and 2. We expect

24 'We assume that respondents did not consider the costs involved in making the product when
answering this question.
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that less risk-averse firm will choose Project 1 and more risk-averse firms will choose
Project 2. Graham et al. (2021) ask a similar question in their corporate survey and
argue that this question also measures the short-termism of a firm. In this regard, we
expect firms that have a larger discount factor to choose the NPV-inferior Project 2
and firms that tolerate early losses to choose the NPV-superior Project 1.

Table 1.27 presents the result. Among the 606 firms that responded to this question,
174 firms (27.7%) replied with “do not know.” We exclude these firms, leaving us
with 432 observations. Table 1.27 shows that 28.7% of firms would choose Project
1 and the remaining 71.3% would choose Project 2. Graham et al. (2021) report that
59.4% of the firms responding to their survey chose Project 1, which is completely
different from our result. The result of our survey suggests that many Japanese firms
tend to avoid short-term losses even if a project makes a long-term profit, which

Table 1.27 Risk preferences: Choice regarding an NPV-superior but initially unprofitable project

N Share S.D.
(%)
Entire sample 432 28.7 45.3
By firm size
(a) Small 225 22.7 42.0
(b) Medium 141 32.6 47.1
(c) Large 66 40.9 49.5
Non-innovators vs. Innovators
(d) Non-innovators 182 23.6 42.6
(e) Innovators 250 32.4 46.9
New-to-market vs. New-to-firm innovators
(el) New-to-market (NTM) innovators 38 42.1 50.0
(e2) New-to-firm (NTF) innovators 107 27.1 44.7
Difference N Share S.E.
(%)

(a)—(b), Small vs. Medium 366 —10.0** 4.7
(b)—(c), Medium vs. Large 207 —-8.3 7.1
(a)—(c), Small vs. Large 291 —18.2%** 6.1
(d)—(e), Non-innovators vs. Innovators 432 —8.8%* 44
(el)—(e2), NTM vs. NTF innovators 145 15.0% 8.7

Note This table is constructed using responses to the following question: “Suppose the following
two R&D projects: Project 1: The expected cumulative profit (net present value) is large, but the
project is expected make losses for several years after the launch of the product. Project 2: The
expected cumulative profit (net present value) is small, but the project is expected to generate stable
profits after the launch of the product. Assume all other conditions (e.g., initial investment costs,
the probability of success of the project, project duration, etc.) are the same for both Projects 1 and
2. Which project would you choose?” The table shows the share of firms that chose Project 1. ***,
** and * indicate significance at the 1, 5, and 10% levels respectively
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suggests that Japanese firms are more risk-averse or more myopic than U.S. firms
regarding the choice of R&D projects.

Next, comparing subsamples, we find that larger firms are more likely to choose
the NPV-superior Project 1: the share of firms that would choose Project 1 is 40.9%
among large firms, 32.6% among medium firms, and 22.7% among small firms, and
the differences between large and small firms and between medium and small firms
are both significant. While this suggests that larger firms are more risk-tolerant, it
should be noted that there may be other factors that affect firms’ choice. For example,
small firms are more likely to be financially constrained, and this might make them
choose Project 2, which generates a stable cash flow after the launch of the product.
In this case, small firms are not necessarily inherently more risk averse; instead, their
choice might reflect financial constraints, and if such constraints were controlled for,
their risk aversion may not differ from larger firms.

Further, we find that product innovators (32.4%) are more likely to choose Project
1 than non-innovators (23.6%). This suggests that firms that succeeded in making
product innovations are more risk tolerant. Among innovating firms, we find that the
share of new-to-market innovators (42.1%) that would choose Project 1 is signif-
icantly larger than that of new-to-firm innovators (27.1%), indicating that new-to-
market innovators are more risk tolerant and/or more tolerant of early losses than
new-to-firm innovators.

To sum up, the results for our first question about risk preferences suggest that
taking the appropriate level of risk is important for product innovation, especially
for new-to-market innovation. The results for the second question about risk prefer-
ences are similar for product innovators and non-innovators and for new-to-market
and new-to-firm innovators, suggesting that there is no link between risk preferences
and innovation. The results for our third question regarding risk preferences indicate
that product innovators, especially new-to-market innovators, are more risk tolerant
and immune to short-termism. The results for the first and third questions are consis-
tent with studies reporting a positive effect of risk tolerance on innovation and/or
exploration (Ederer and Manso 2013; Krieger et al. 2022; Carson et al. 2020; Tian
and Wang 2014). It should be noted, however, that how risk preferences are linked
with innovation depends on the empirical proxy used for risk preferences.

1.8.2 Corporate Culture

To measure a firm’s corporate culture in the Competing Values Framework (CVF)
developed by Cameron et al. (2014) (see Sect. 1.2.4), we asked firms to choose up
to three options out of eight to describe their corporate culture. The eight options
that we provided were “teamwork,” “bottom-up approach,” “leadership,” “rule-based
decision making,” “customer first,” “profitability,” “market impact,” and “creativity.”

We chose these options based on studies employing the CVF (Cameron et al. 2014;

LERT3
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Fiordelisi and Ricci 2014; Thakor 2016; Hanaeda et al. 2020). The options corre-
spond to the following quadrants: “teamwork” and “bottom-up approach” repre-
sent a Collaborate-oriented culture, “leadership” and “rule-based decision making”
represent a Control-oriented culture, “customer first” and “profitability” repre-
sent a Compete-oriented culture, and “market impact” and “creativity”’ represent
a Create-oriented culture.

Table 1.28 shows the percentage shares of firms that chose each option. Note
that these shares do not add up to 100 percent because firms were asked to choose
up to three options. The option that firms chose most frequently is “customer first”
(72.4%), followed by “profitability” (45.0%), “teamwork” (36.0%), and “creativity”
(29.9%). Because the top two options, “customer first” and “profitability,” represent a
Compete-oriented culture, it appears that many Japanese firms value competitiveness
and prioritize customers and shareholders.

Significantly larger shares of large firms than small and/or medium firms chose
“bottom-up approach,” “rule-based decision making,” and “customer first.” On
the other hand, significantly larger shares of small firms than medium and/or
large firms chose “market impact” and “creativity,” both of which correspond to
a Create-oriented culture. The latter result suggests that many small firms value
creativity.

We fail to find any correlations between corporate culture, including a Create-
oriented culture, and the likelihood of making product innovations. The difference
in the percentage shares of each of the options between product innovators and non-
innovators are all insignificant. We find, however, a significant difference between
new-to-market innovators and new-to-firm innovators: the share of new-to-market
innovators that chose “market impact” (29.8%) and “creativity” (43.9%) is signifi-
cantly larger than that of new-to-firm innovators (market impact: 12.5%, creativity:
18.4%). This indicates that, among firms that succeeded in making product innova-
tions, new-to-market innovators put high value on creativity as part of their corporate
culture.

As discussed in Sect. 1.2.4, as far as we are aware, there are no empirical studies
that examine the relationship between corporate culture and innovation using the
CVE. We note, however, that our finding that new-to-market innovation is positively
associated with a Create-oriented culture is consistent, or at least not inconsistent,
with the study by Graham et al. (2021), who do not use the CVF but find that “adapt-
ability,” which is one of the cultural values they measure, is positively correlated
with creativity. Because “adaptability” corresponds to an orientation toward “indi-
viduality and flexibility” in the CVF (on the top of the Y axis in Fig. 1.1), firms with
a culture that values adaptability can be classified as falling into either the Collabo-
rate or Create quadrants. In addition, the finding that new-to-market innovators put
higher value on creativity than new-to-firm innovators is consistent with Manso’s
(2011) theoretical conjecture that a corporate culture that tolerates early failure and
rewards long-term success motivates exploration.
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1.9 Conclusion

This monograph provided a detailed account of the current R&D management prac-
tices in Japanese firms based on a unique firm survey. Using data from the survey, we
presented descriptive statistics and conducted #-tests to make inferences about the
link between R&D management practices and (i) firms’ success in making product
innovation and (ii) the choice between exploration (new-to-market product innova-
tion) and exploitation (new-to-firm product innovation) among product innovators.
We find many interesting and instructive facts about the R&D management practices
of Japanese firms. Specifically, we find the following.

® Organizational structure of R&D (Sect. 1.5): Product innovators are more likely
to have a “hybrid” R&D organizational structure with both centralized and decen-
tralized R&D activities than non-innovators. While some studies find that firms
with a centralized R&D structure are more likely to generate explorative innova-
tions that have a higher level of impact (e.g., Argyres and Silverman 2004), we
do not find a link between new-to-market product innovation and the likelihood
of having a centralized R&D structure.

Regarding the delegation of authority to R&D organizations, we find that the
share of firms where both the R&D organization and the human resources depart-
ment take the initiative in hiring R&D personnel is higher among product inno-
vators than non-innovators. In contrast, the share of firms where the R&D organi-
zation takes the initiative is significantly lower for product innovators than non-
innovators. These results suggest that there is no link, or a negative link, between
the delegation of authority in hiring R&D personnel and the success of product
innovation. However, among product innovators, the share of firms where the
R&D organization takes the initiative is higher among new-to-market innovators
than new-to-firm innovators. This result is consistent with studies finding that the
delegation of authority to R&D organizations promotes exploration (Acemoglu
etal. 2007; Kastl et al. 2013). We note, however, that in Sect. 1.6.1.3 we do not find
alink between new-to-market innovation and the delegation of authority regarding
R&D project management. It seems safe to conclude that whether delegation of
authority to R&D organizations motivates exploration is ambiguous and depends
on the empirical proxy used.

e Staged project management (Sect. 1.6): Product innovators are more likely to
implement staged project management, set interim goals (milestones), and provide
feedback to R&D personnel than non-innovators. Regarding the choice between
exploration and exploitation, we find that firms that introduced new-to-market
product innovations are more likely to incorporate opinions from external experts
into interim feedback. This result is consistent with theoretical studies predicting
that timely feedback on performance promotes explorative innovation (Manso
2011) and empirical studies that find a positive link between feedback and explo-
ration (Azoulay et al. 2011). There are no significant differences between product
innovators and non-innovators and between new-to-market innovators and new-
to-firm innovators regarding the extent to which firms consider the achievement of
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milestones as important when deciding whether to continue an R&D project. This
result suggests that the effect of the threat of termination on innovation, in partic-
ular explorative innovation, is ambiguous. Our result is consistent with Manso’s
(2011) theoretical prediction but inconsistent with empirical findings by Ederer
and Manso (2013) and Mao et al. (2014), who find that the threat of termination
is detrimental to exploration.

Compensation and incentive schemes for R&D personnel (Sect. 1.7): Product
innovators are more likely to employ a salary scheme based on performance-
based pay, put greater weight on performance than ability in the evaluation of
R&D personnel, and employ pecuniary incentive schemes such as rewards based
on the number of patent applications, than non-innovators. We also find that,
among product innovators, new-to-market innovators are more likely to employ
patent applications/registrations as a criterion in evaluating R&D personnel than
new-to-firm innovators. Our results are consistent with studies that find a positive
link between innovation and pay-for-performance (e.g., Foss and Laursen 2005).
Further, they are also consistent with studies that find a positive link between inno-
vation and pecuniary incentives (Onishi 2013; Sauermann and Cohen 2010) but
inconsistent with theoretical studies arguing that pecuniary incentives for R&D
employees may adversely affect their intrinsic motivation (Bénabou and Tirole
2003; Kreps 1997) and empirical studies reporting a negative link between inno-
vation and pecuniary incentives (e.g., Onishi et al. 2021). While some studies find
apositive link between innovation and non-pecuniary incentives (e.g., Sauermann
and Cohen 2010), we do not find such evidence. Finally, we find that the share of
firms that employ invention reward schemes, in which R&D employees receive
rewards based on the amount of profits the firm has made from the inventions and
patents that the R&D employee was engaged in, are larger for product innovators
than non-innovators. We also find that product innovators are more likely to have
adirector on the board who belonged to an R&D organization in the past than non-
innovators, which suggests that there is a positive link between innovation and
reward for long-term success. However, we do not find any evidence for a positive
link between new-to-market innovation and reward for long-term success, which
means that we do not find support for Manso’s (2011) argument that reward for
long-term success encourages exploration.

Risk preferences and corporate culture (Sect. 1.8): Using the three questions
that try to capture a firm’s risk preferences, we find that product innovators are
more likely to take the appropriate level of risk than non-innovators. We also find
that product innovators are more risk-tolerant and immune to short-termism. The
results that product innovators are taking the appropriate level of risk and are risk-
tolerant are driven mainly by new-to-market rather than new-to-firm innovators.
Our results are consistent with studies that find a positive link between risk toler-
ance and innovation and/or exploration (Ederer and Manso 2013; Krieger et al.
2022; Carson et al. 2020; Tian and Wang 2014). We note, however, that how risk
preferences are associated with innovation depends on the way risk preferences
are measured.
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We find no link between product innovation and any of the corporate cultures
(quadrants) identified by the CVF. We find, however, that among product inno-
vators, new-to-market innovators put higher value on a Create-oriented culture
than new-to-firm innovators, which suggests that corporate culture does play
an important role in motivating explorative innovation, as suggested by Manso
(2011).

In our discussion of the survey results, we linked the various findings with the
theoretical and empirical literature on which our survey questions were based in order
to outline possible mechanisms at work. However, the findings based on descriptive
statistics and univariate analyses using -tests represent only a first step, and more
rigorous statistical analyses employing multivariate regression models to examine
the link between R&D organization and innovation while controlling for a range of
factors are needed. Such factors include differences in firm size, industry, and firms’
financial condition.

Moreover, there were other findings which we did not investigate much in this
monograph. For instance, we found that the empirical link between some of the R&D
management practices (such as the delegation of authority to hire employees to R&D
organization and the implementation of staged project management) and innovation
outcomes depends on the proxy used for innovation outcomes—in our case, whether
a firm has made any product innovations or new-to-market product innovations. This
suggests that a management practice that is effective in increasing the likelihood of
product innovation may not be effective in encouraging explorative innovation. We
leave this issue as well as more rigorous analyses for future research.
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Appendix

Survey of R&D Management Practices

e This survey is supported by Grants-in-Aid for Scientific Research (B) provided
by the Japan Society for the Promotion of Science.

® Your responses are strictly confidential and no information provided by individual
survey participants will be disclosed. Survey results will be statistically processed
maintaining anonymity.

e We recommend that you respond online. Access the following URL (https://res
earch.surece.co.jp/rd-mgmt2020/) and log in using the ID and password provided
in the attached “Request for online response.”

e Please submit the completed questionnaire by February 17, 2020 (Monday).

e We will send a summary report of the survey results to survey participants that
have responded.

e Unless otherwise stated, provide your answers as of FY2018.

® Answer all questions on a non-consolidated basis, that is, on the basis of the activ-
ities of your company only and exclude those of affiliated companies including
the parent company and subsidiaries.

e For a definition of “R&D” in this survey and detailed definitions of terms marked
with * in the questionnaire, see the glossary of terms attached to this survey.

e In what follows, we will ask about (1) R&D expenditure, R&D personnel, and
R&D organizational structure, (2) R&D project management, (3) personnel eval-
uation of researchers and engineers, and (4) R&D outputs. We would appreciate
it if the person most qualified to respond to these issues answers the survey.

© The Author(s) 2022 85
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Appendix

1. R&D expenditure, R&D personnel, and R&D organizational structure
These questions are about the R&D expenditure*! of your company.
Q1: Please provide the approximate percentage shares of funding sources for R&D expenditure.

Funding from headquarters (or | Commissions received from | Funding from outside the

the business unit to which other business units within company (commissions, Other Total

R&D organization belongs) the company subsidies, grants, etc.)

[ ‘ % % % [ ‘ [ % 100%

“1) “R&D expenditure” refers to the total amount of R&D expenditure spent inside and outside the company, irrespective of the source of the funds (your own funds,

externally received funds, etc.)

Q2: To what extent do you take the following items (a)-(f) into account when determining total R&D expenditure? Choose one

answer for each item.

Fully taken To some Not very much Not taken into
. extent taken taken into
into account Ny account at all
into account account

(a) Gross sales in the previous year O O Q ')

(b) Profits in the previous year (@]

(¢) R&D expenditure in the previous year O O O [®]

(d) Labor costs of R&D organization(s) @) ®) Q (@]

(e) Cumulative costs of individual R&D projects O & ) (@]

Annual sales goals for new products as a share of total
® sales g ’ o o Q O
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The followin tions are about

mpany’s R&D

nnel. *?

Q3: Please provide the approximate age composition of your R&D personnel (percentage shares).

87

Under 24 y/o

From 25 to 34 y/o

From 35 to 44 y/o

From 45 to 54 y/o

55 y/o and older

Total

NN

« | L]

% L%

Y

100%

*2) “R&D personnel” refers to persons who have at least a bachelor’s degree (excluding junior college) or have equivalent or greater expertise, conduct R&D
activities on their own specific topic, and engage in R&D activities for more than half of their working hours.

Q4: Which department takes the initiative in hiring R&D personnel? Choose one answer.

e) R&D organization
takes the initiative

Human resources

O department takes the

initiative

Both R&D organization and
O human resources department
take the initiative

O Other

Q5: To what extent are researchers’

own wishes taken into account when transferring R&D personnel? Choose one answer.

() Fully taken into account

O To some extent taken into

account

() Not very much taken into account

O Not taken into
account at all

The following questions are about your R&D organization(s). *3

Q6: How many R&D organizations does your company have?

Number of R&D organizations

overseas)

(Number of R&D organizations

*3) “R&D or ” refers to an

 d division) in which R&D personnel mainly conduct R&D. Even if the name of the organization

(e.g.
does not include “research” or “development,” an organization that conducts R&D activities is regarded as an “R&D orgamzauon for the purpose of this survey.
Please provide the number of organizations that in your company’s organization chart can be regarded as “R&D organizations.”

Q7: Among the R&D organizations in Q6, does your company have one or more R&D organizations that are (a) highly independent

of business units and/or (b) directly controlled by business units? Choose all that apply.

(a) My company has one or more R&D organizations that are highly independent of business.

units (e.g., central research laboratory, development department).

(b) My company has one or more R&D organizations that are directly controlled by business

units (e.g., pharmaceuticals development division).
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Only answer Q8 to Q10 if you chose both (a) and (b) in Q7; otherwise, proceed to Q11.
Q8: Specify the number of R&D organizations falling under (a) and (b) in Q7, respectively.

(a) R&D organizations that are highly (b) R&D organizations that are directly
independent of business units controlled by business units

QO: Please provide the approximate R&D expenditure shares of R&D organizations falling under (a) and (b) in Q7, respectively.

(a) R&D organizations that are (b) R&D organizations that are
highly independent of business directly controlled by business Total
units units
| | | 100%
% . %

Q10: Please provide the approximate shares of R&D personnel belonging to R&D organizations falling under (a) and (b) in Q7,

respectively.
(a) R&D organizations that are (b) R&D organizations that are
highly independent of business directly controlled by business Total
units units

[TT1,

o

| 100%
%

o

2. R&D project management
The followin: tions are about the number of R&D projects. **
Q11: Please specify the approximate number of R&D projects in progress.

Number of R&D projects in progress Projects

*4) “R&D project” refers to R&D activities for which the R&D personnel involved, a budget, a deadline, etc., have been set in order to achieve specific research
outcomes.

Q12: Please provide the approximate share of R&D projects that have continuously been ongoing for more than three years.

Percentage of R&D projects that have
continuously been ongoing for more than %
three years
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Q13: Do you have any R&D projects that have been terminated or suspended within the past three years? Choose one answer.

OYes oNo

Q14: Please provide the approximate share of projects where R&D organizations have the authority to decide whether to
terminate/suspend or continue the project. Moreover, if there is a pre-determined upper limit to the R&D expenditure up to
which R&D organizations have the authority to decide whether to terminate/suspend or continue the project, please check

“Pre-determined” and enter the approximate amount.

Upper limit to R&D expenditure up to which R&D organization has
authority to decide whether to terminate/suspend or continue the
project. If there is a pre-determined limit, please enter the
approximate amount.

Pre-determined O=
D:|:|:| million yen

Not pre-determined o

Percentage of projects where the R&D organization has
the authority to decide to terminate/suspend or continue
the project

The following questions are about your R&D project management.

Q15: Please specify the average number of years from the commencement of an R&D project to the achievement of final results.

Average number of years from the
commencement of an R&D project to the Year(s)
achievement of final results

Q16: Do you implement staged project management** for your R&D projects? Choose one answer. If you do, specify the average
number of stages.

Yes (= Number of stages

No (=% Proceed to Q21

*5) “Staged project management” refers to a method of R&D project management in which the project proceeds in consecutive multiple stages (phases). Staged
project is ied by an interim ion, which d ines whether the project should be terminated/suspended/continued and reviews the
project schedule.

Only answer Q17 if you chose “Yes” in Q16; otherwise, proceed to Q21.

Q17: Do you set intermediate goals (“milestones”) for the interim evaluation of projects? Choose one answer.

Yes (D

No ()=# proceed to Q19
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Only answer Q18 if you chose “Yes” in Q17; otherwise, proceed to Q19.
Q18: To what extent do you take into account whether intermediate goals (milestones) were achieved when assessing whether to

terminate/suspend or continue the R&D project? Choose one answer for (a) initial stages and (b) late stages, respectively.

Fully taken To some Not very Not taken into
‘Whether intermediate goals were achieved Fuy extent taken much taken
into account N . account at all
into account into account
(a) Initial stages (e.g., idea/basic research) O (@] 0] O
(b) Late stages (e.g., preparation for launching new O O O O
goods/services)

Only answer Q19 if you chose “Yes” in Q16; otherwise, proceed to Q21.
Q19: Do you provide feedback on the interim evaluation results to the R&D personnel in charge of the project? Choose one

answer.

Yes O

No © =* proceed to Q19

Only answer Q20 if you chose “Yes” in Q19; otherwise, proceed to Q21.
Q20: Do you incorporate the following items (a)-(c) when providing feedback on the interim evaluation results? Choose all

applicable answers for each item. If you do not incorporate them, choose “Not incorporated.”

Initial stages i_:te Sl?fe:mﬁon for
(e.g., ideas/basic I -8 111) P Not incorporated
rescarch) aunching new
goods/services)
(a) Opinions from other research teams in the same or o o o
other R&D organizations
(b) Opinions from non-R&D organizations (business o o 5
units and head office) within your company
(c) Opinions (including informal ones) from external o O o
experts outside your company

Note: Please answer Q21-Q24 based on your own judgement.

Q21: Suppose there is an R&D project that is expected to generate gross sales of 100 million yen immediately if it is successful but
gross sales of 0 yen if it fails. Assume that the probability that the project is successful is 10% (hence, the probability of failure

is 90%). How much would you invest in the project? Please enter the approximate amount.

‘ ‘ | million yen
|




Appendix

Q22: Suppose the following two R&D projects:

91

® Project 1: The expected cumulative profit (net present value) is large, but the project is expected make losses for several

years after the launch of the product.

® Project 2: The expected cumulative profit (net present value) is small, but the project is expected to generate stable profits

after the launch of the product.

Assume all other conditions (e.g., initial investment costs, the probability of success of the project, project duration, etc.) are

the same for both Projects 1 and 2.

Which project do you think your company would choose? Choose one answer.

O Project 1

O Project 2

) Do not know

Q23: Do you think your R&D organization is taking appropriate risks in R&D projects to achieve its goals? Choose one answer.

O Does not take much risk

O Takes appropriate level of risk

O Takes too much risk O Do not know

Q24: Choose up to three words that describe your company’s corporate culture.

o (a) Teamwork

o (b) Leadership

o (c) Customer first

o (d) Market impact

0 (e) Creativity

o (f) Profitability

0 (g) Rule-based decision making

o (h) Bottom-up approach

o (i) Other (

3. Evaluation of R&D personnel

The following questions are about the evaluation of R&D personnel in your company.

Q25: What salary scheme do you employ for R&D personnel? Choose all that apply.

[a] A specific salary scheme for R&D personnel that differs
from that for other employees

background

[b] Starting salary varies depending on the educational

o [c] Salary scheme based on performance-based pay

schemes

[d] R&D personnel can choose from among various salary

o [e] None of the salary schemes from [a]-[d] is employed.
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Q26: Assume an R&D employee in their early 30s is being evaluated. Approximately what weights would be put on their ability

and their performance in their evaluation?™®

Ability Performance Total

LI

*6) “Ability” refers to the abilities demonstrated in performing the job. “Performance” refers to the level of achievement met in performing the job.

Q27: Do you employ the following criteria for the evaluation of R&D personnel? Choose all that apply.

[c] Commercialization (Launch)
of new products

[b] Patent

[a] Research papers and
applications/registrations

. o
conference presentations

a]

[d] Amount of sales generated
o by new products to which the
R&D employee contributed

[f] Acquisition of
qualifications/degrees

[e] R&D progress, including

compliance with schedule 0

o [g] None of the criteria from [a]-[f] are employed

Q28: Do you employ the following incentive schemes for R&D personnel? Choose all items that apply.

[b] Dispatch to university
o and/or support for studying o
abroad

[c] Open recruitment for R&D

[a] In-house research
projects

presentations

[f] Rewards based on the amount of
profits from inventions and
patents (invention reward
schemes)

[e] Rewards based on the
o number of patent o
applications

[d] Awards for outstanding R&D

o
results

o [g] None of the schemes from [a]-[f] are employed

Q29: Did any of the directors on the board (e.g., chairperson, president, vice president) belong to an R&D organization in

the past? Choose one answer.

OYes aNo

4. R&D results
The followi . I he R&D Its of
Q30: Did you make process innovations (introduce new or improved production processes and/or delivery methods, etc.)*” during

the three years from FY2016 to FY2018? Choose one answer.

OYes oNo
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Q31: Did you make product innovations (introduce new or improved goods or services in the market)*® during the three years from
FY2016 to FY2018? Choose one answer.

OYes oNo

Only answer Q32 if you chose “Yes” in Q31. Q32 concerns the novelty of, and turnover (revenue) from
product innovations introduced in the market.

Q32: Did you introduce the following types of product innovations in the market from FY2016 to FY2018? Choose all types of

product innovations that apply and provide the percentage of total sales that such product innovations generated in FY2018.

Also specify the approximate sales share of all products other than (X) and (Y) in FY2018.

Introduced product innovations
in the market

(Over the 3 years from FY2016
to FY2018)

Percentage of total sales in
FY2018

(X) New or significantly improved goods/services that no competitor

X

and services for your company only)

was offering (new goods and services in the market) 0
(Y) New or improved goods/services that were almost the same as or
very similar to ones already offered by competitors (new goods o %

(Z) All other goods/services other than (X) and (Y) above (including
goods/services that remained unchanged or were only marginally
modified and the resale of products purchased from other
companies)

(Z) =100~ [(X) +(Y)]

Total sales in FY2018

X+ + (@)

%

-

This is the end of the questions. Please write about yourself.
(This information will be used for sending you the survey results and for inquiries regarding your responses, if any.)

Name

Department

Job title

Number of
years with the
company

{O'No more than 5 years O From6to 10 years OFrom 11 to 15 years From 16 to 20 years (O More than 21 years

Telephone
number

E-mail address

Thank you for participating in our survey.
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Glossary of Terms in the ““Survey of R&D Management
Practices”

Research and Development

“Research and development (R&D)” refers to systematic research and creative efforts
in science and technology undertaken for the acquisition of new knowledge on mate-
rials, functions, and natural phenomena, and for new applications of the existing
store of knowledge. R&D includes not only academic research but also activities
related to the development of new products, the improvement of existing prod-
ucts, and the development and technical improvement of products or production
processes. For the purpose of this survey, R&D does not include activities for sales
or management-related purposes.

*1) R&D Expenditure

The term “R&D expenditure” refers to the total amount of expenses on R&D, irre-
spective of whether such expenses are funded internally (e.g., through retained earn-
ings) or externally (e.g., through grants from the government). R&D expenditure
includes expenditures spent within and outside your company. R&D expenditure
spent within your company includes labor costs; expenditures on raw materials,
tangible fixed assets, intangible fixed assets, and consumable supplies such as books;
lease fees, etc. R&D expenditure spent outside your company refers to payments to
outside vendors, irrespective of whether such payments are in the form of money in
trust, subsides, allocations, etc.

*2) R&D Personnel

“R&D personnel” refers to individuals holding at least a bachelor’s degree (or having
equivalent or greater expertise) and engaged in R&D activities in their area of exper-
tise for more than half of their working hours. For the purpose of this survey, “R&D
personnel” does not include the following persons: persons who mainly assist R&D
personnel, persons who are engaged in technical services related to R&D activities
under the guidance and supervision of R&D personnel, and persons who are engaged
in clerical work, administration, accounting, etc.

*3) R&D Organizations

The term “R&D organizations” refers to organizations in which R&D personnel
mainly conduct R&D. For the purpose of this survey, organizations that perform
R&D activities are regarded as “R&D organizations” even if their name does not
include the words “Research” or “Development.”

For the number of R&D organizations in Q6, please answer with the number of
R&D organizations in your company’s organization chart. For example, given the
organization chart below, the company has four R&D organizations, which are boxed
in bold. They consist of three R&D organizations that are highly independent of
business units (i.e., the Development Department, the Central Research Laboratory,
and the North American Research Laboratory under the “R&D Unit”) corresponding
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Internal Audit Office |
Supervisory h }

Board
<] ——— Corporate Planning Office
—{ Board of [ : |
Divactors —— Accounting and Finance Dept.
President and | T + Management Unit { 1 Public Relations Dept. | — CSR Promotion Office
Chief Executive ‘
Officer |
L + { Human Resources Div. |
Executive .
Management  Cosmetics Div.
Committee = — ¢ - -
. T | Factory “X" |——{ Compliance & Risk Management Office
| Sales Div, (Pharmaceuticals) |
Development Div. (Pharmaceuticals) I
{ Factory “Y"
(Frodustion | [ Production Management Div
| L sl deiceisad il
Unit i Factory *
r 1 I Development Dept |
- R&D Unit +
| Central Research Lab. | | North American Research Lab

Fig.1 Example organization chart

to Q7(a) and one R&D organization that is directly controlled by a business unit (i.e.,
the Pharmaceuticals Development Division under the “Pharmaceuticals Business
Unit”) corresponding to Q7(b).

Please do not include other R&D entities that are not listed in your company’s

organization chart. For example, the hypothetical company in Fig. 1 also has
a cosmetics development section/team under the “Cosmetics Division,” but the
section/team is not shown in the company organization chart and therefore is not
counted as an R&D organization.

*4) R&D Projects

The term “R&D projects” refers to projects that are conducted to accomplish specific
research outcomes by a pre-determined deadline and with a designated budget
and R&D personnel. Specific research outcomes include not only commercial-
ized goods/services such as “low-power superconducting network devices” but also
the development and improvement of production processes such as “an efficiency
improvement in the manufacturing process by x%.”

*5) Staged Project Management

“Staged project management” refers to the management of R&D projects in consec-
utive stages, such as “ideation and concept development,” “preliminary assessment
of commercialization,” “development,” “testing and validation,” and “production and
marketing.” Staged project management also entails a phase-based interim evalua-
tion that affects the decision about whether the project is continued, suspended, or
abandoned, as well as a revision of the schedule.
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*6) Ability and Performance in Employee Evaluation
“Ability” in the evaluation of R&D employees refers to a person’s potential ability
to perform their duties during the evaluation period. This includes “willingness and
attitude (e.g., cooperativeness, discipline),” “cognitive ability (e.g., ability to assess
and plan),” and “interpersonal skills (e.g., leadership, ability to arbitrate).”
“Performance” in the evaluation of R&D employees refers to a person’s results
achieved in performing their duties during the evaluation period. Usually, the results
to be evaluated are set at the beginning of the evaluation period as “achievement
goals,” taking account of the importance and difficulty of the person’s duties. For
example, the results to be evaluated for R&D personnel include “patent applications,”
“prototype products,” “commercialization,” etc.

*7) Process Innovation

“Process innovation” refers to new or significantly improved production processes,

methods of providing services and of delivering products or support activities. This

includes significant improvements in techniques, equipment, and/or software.
Process innovation is defined in this survey as something new to your company;

your company does not have to be the first to introduce this process. It does not matter

whether the innovation was developed by your company or by other companies.

*8) Product Innovation
“Product innovation” refers to new or significantly improved goods or services with
respect to their technical specifications, components and materials, software in the
product, user friendliness, or other functional characteristics. This includes new
combinations of existing technologies or technology upgrades of existing goods or
services. Changes only in aesthetic characteristics or the resale of products invented
and/or produced by other companies are not included.

Product innovation in this survey is defined as something new to your company;
the good or service does not have to be new to the market. It does not matter whether
your company or other companies developed the product innovation.
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