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Abstract: This paper examines how R&D human capital can mitigate the negative effects of financing
constraints on firm innovation, using survey data from 4000 South Korean manufacturing firms.
The results confirm that financing constraints are generally associated with lower levels of product
innovation. However, firms with stronger R&D human capital—measured by higher education levels
and a larger proportion of R&D employees—are better able to overcome these financial barriers.
Moreover, the positive moderating effect of R&D human capital is significantly enhanced in firms with
an entrepreneurial culture, which supports risk-taking and innovation. These findings underscore
the importance of investing in intangible assets, such as human capital and fostering a culture of
entrepreneurship to sustain innovation during periods of financial distress. Policymakers should
consider expanding financial support for R&D activities, particularly for small and medium-sized
enterprises (SMEs) that face higher costs of capital. This study contributes to the literature by using
direct measures of financial constraints and highlighting the role of human capital in innovation,
especially in financially constrained environments.

Keywords: product innovation; R&D investment; financing constraints; human capital; entrepreneurial
culture

1. Introduction

The importance of technological innovation in sustaining economic growth and improv-
ing quality of life has long been recognized and continues to be a key driver of modern
economic development (Organisation for Economic Co-operation and Development 2015). An
innovation-driven economy enables a transition toward sustainable growth by continuously
increasing economic efficiency with the development of technology. Innovation involves
strategically enhancing the productivity of input factors, such as labor and capital, and finding
better ways to combine these factors (Caves et al. 1982). Innovative firms are equipped with
resources that cannot be easily transferred to others, such as knowledge-based structures
embedded in organizational members, processes, and systems (Anand et al. 2007).

R&D investment is a prerequisite for the development, acquisition, and diffusion
of technology. However, firms often suffer from financing constraints in funding R&D
investment. Due to information asymmetry with external investors, firms struggle to
raise external funds to finance their investments (Jensen and Meckling 1976; Stewart and
Nicholas 1984). External financing is even more costly for innovative projects due to high
uncertainty and technical novelty, which can increase information asymmetry with external
investors (Hall 2002). In this regard, firms encountering financial constraints are expected to
reduce their innovative activities (Savignac 2008; Hall 2002). However, the effect of financial
constraints on innovation in the empirical literature has been inconclusive (Savignac 2008).
While some studies find a significantly positive effect of financial slack (Himmelberg and
Petersen 1994; Savignac 2008), the positive relationship does not always hold (Bond et al.
1999; Harhoff 1998).
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This study suggests that mixed findings in the extant literature may result from firms’
human capital variations. While financial constraints reduce innovative activities in general,
human capital can attenuate the negative impact of financing barriers on firm innovation.
In organizations, the knowledge and experience gained by each member are accumulated
within the organization through processes, routines, and culture (Sackmann 1992). R&D
human capital is the workers who play a key role in knowledge management (Chen and
Huang 2009). R&D workers store knowledge in a firm’s knowledge management system
and apply and generate this knowledge for product development. The intellectual capital
created by R&D workers enables firms to earn supranormal returns on the cost of obtaining
that knowledge (Zucker et al. 1994). Even during financially constrained periods, firms with
strong R&D human capital can discover creative methods for engaging in commercially
valuable research.

To examine whether a firm’s human capital attenuates the negative impact of financial
constraints on innovation, we use the Corporate Innovation Survey, which explores a
sample of 4000 Korean manufacturing firms. The survey is developed based on the Oslo
Manual (OECD/Eurostat 2005) and covers firms’ responses regarding innovation activities
and performance, as well as the financing of innovation (from different types of investors
and lenders). This survey enables us to measure existing financial constraints directly,
increasing our empirical measures’ construct validity (Savignac 2008).

The results indicate that financial constraints are, on average, negatively associated
with a firm’s propensity to innovate its products or services (Himmelberg and Petersen
1994; Savignac 2008). More importantly, we find that R&D human capital positively
moderates the relationship between financial constraints and firm innovation. We measure
R&D human capital by education level and the proportion of the workforce designated
as R&D among total employees. The results indicate that a higher education level and a
greater proportion of R&D staff mitigate the negative impact of financing constraints on
product/service innovation.

Untabulated tests indicate that R&D human capital does not significantly mitigate
the relationship between financial constraints and R&D intensity, indicating that human
capital does not improve innovation performance through greater capital investment in
innovative projects (measured by R&D intensity). Collectively, our findings suggest that
intellectual capital created by strong R&D workforces enables firms to develop innovative
products/services, although they may lack financial resources. It also implies that firms
must invest in both tangible assets and human capital to sustain innovation.

Additionally, we explore circumstances where R&D human capital contributes to
innovative outcomes to a greater extent through an entrepreneurial corporate culture.
Managers often underscore the importance of fostering an entrepreneurial culture that
tolerates failure and supports the willingness to take risks (Pisano 2019; Clark 2020). The
results suggest that R&D human capital helps firms overcome financing constraints for
innovative activities only when the organization encourages entrepreneurial employee
behavior. This highlights the importance of corporate culture in stimulating and exploiting
R&D human capital to overcome financial difficulties and reap innovative outcomes.

This study contributes to the literature on financing constraints and innovative perfor-
mance. The results of the regression analysis indicate that, in general, there is a negative
association between economic limitations and a firm’s innovative outcomes. This study is
differentiated from previous studies on cash flows and innovative performance in that it
exploits a unique survey that directly measures the financing constraints perceived by firms’
managers instead of relying on cash flows to indirectly measure a firm’s financing ability
(Himmelberg and Petersen 1994; Bond et al. 1999; Harhoff 1998). The result is especially
relevant for industries that include small and medium enterprises (SMEs), whose cost
of capital is much higher than larger companies with more credit. Fiscal authorities and
central banks may expand financial assistance through government grants or low-interest
loans for R&D investment to small businesses that pursue innovative projects.
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This study generates an important managerial implication as it suggests a potential
reason for the literature to produce inconclusive evidence (Savignac 2008). R&D human
capital is measured by the proportion of educated employees committed to research and
development activities, and it positively moderates the relationship between financing
constraints and product/service innovation. This research highlights the importance of
human resources in cultivating an innovative culture and meeting commercial require-
ments during financially constrained periods. To reap supranormal returns from capital
investment in creative projects, investment in R&D talent should be implemented at both
firm and societal levels.

Furthermore, this study underscores intangible assets in accomplishing innovative per-
formance. While R&D human capital helps firms overcome financial constraints in innovation,
the R&D workforce’s role can be significantly limited in an inflexible culture. Additional
analyses indicate that the positive moderating effect of R&D human capital appears only
when firms have a highly entrepreneurial culture. Managers who want their team to innovate
must create a culture of intellectual bravery in which organizational members are willing to
challenge the status quo even when it requires the risk of marginalization or punishment.

This paper is organized as follows: Section 2 reviews prior studies on financial con-
straints, firm innovation, and human capital to develop the hypotheses. Section 3 proposes
empirical models to examine the relationships among financial constraints, firm innovation,
and human capital. The baseline model suggests a negative relationship between financial
constraints and product/service innovation. R&D human capital is then added to the
model as a moderating factor to examine its attenuation effect on financial constraints.
Based on the results, practical recommendations are provided in the final section for firms
pursuing innovation under financial distress.

2. Literature Review and Hypotheses Development
2.1. Financial Constraints and Firm Innovation

Since corporate innovation drives sustainable economic growth, it is necessary to iden-
tify the determinants of corporate innovation and promote innovation activities (Solow 1957;
Griliches 1980). The literature explaining corporate innovation activities suggests several
major factors contributing to these activities, such as firm size (Cohen and Klepper 1996),
market power (Aghion et al. 2005; Arrow 1962; Schumpeter 1942), and the environment in
which firms are located.

Previous studies have used corporate size as a proxy for financial constraints. Large
firms are more active in innovation activities, as investments in innovative projects incur
high sunk costs, and large firms can amortize these initial investments by increasing sales.
In addition, it is relatively easy for large firms to leverage external networks to finance
innovation investments from investors and lenders. Crépon et al. (1998) found that the
larger the firm, the higher the likelihood of conducting R&D.

Financing constraints refer to any factor that restricts the amount or quality of investment
options. They can be internal or external, as firms rely on their internal cash flow as well as ex-
ternal funds from capital markets. Financing constraints will discourage firms from investing
in innovative projects because the unique characteristics of these projects—high complexity,
high firm specificity, and high levels of uncertainty—increase information asymmetry with
external investors (Bakker 2013). Complexity and firm specificity create significant informa-
tion asymmetry between innovators and capital providers regarding the value of innovation
(Bakker 2013; Santarelli 1991). In addition, innovative projects cause more uncertainty about
future cash flow than traditional tangible investments—high volatility results in external
investors demanding a risk premium, raising the cost of external capital.

In addition, due to the risk of appropriation, companies are reluctant to disclose details
of innovative projects. This presents challenges for external investors in accessing the
detailed information of a creative project, which is an obstacle to judging the financial value
of an investment (Hall and Lerner 2010). However, reducing this information asymmetry
by signaling external investors to inform them of the value of an innovative project also
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entails a cost (Bhattacharya and Ritter 1983). Furthermore, creative projects accumulate
intangible assets, such as technology and knowledge, instead of tangible assets. These soft
assets are rarely used as collateral to borrow money from lenders, which, in turn, raises the
cost of capital.

In short, firms undertaking innovative projects face a high cost of capital due to high
asset specificity, high uncertainty, and appropriation problems. If creative activities can be
fully funded with internal cash flow, the cost of raising capital would significantly decrease.
However, it is difficult for many companies to finance all innovative projects with internal
funds. Therefore, firm innovation is likely to be strongly affected by financial constraints.
Based on our discussion so far, we postulate our baseline hypothesis:

H1. Financial constraints are negatively associated with firm innovation.

2.2. Human Capital and Firm Innovation

Although we predict a negative relationship between financial constraints and corpo-
rate innovation, empirical evidence supporting this is, at best, inconclusive. Using a firm’s
cash flow to measure financial limitations, some studies have determined that cash flow
significantly affects investment (Himmelberg and Petersen 1994), while others have found
no significant association (Bond et al. 1999; Harhoff 1998). Several studies have provided
theoretical explanations for the inconsistent empirical results (Keupp and Gassmann 2009;
Moreau and Dahl 2005) and suggest measurement error problems (Savignac 2008).

Such inconclusive findings indicate that moderating factors may exist. Specifically, we
argue that the level of R&D human capital is an important moderator in the relationship
between financing constraints and firm innovation. R&D human capital is how indus-
try managers identify and gain access to relevant knowledge (Lin 2014) and is defined
as the cumulative knowledge, skills, and experience of a firm’s employees regarding in-
novative projects. In organizations, the knowledge and experience accumulated within
organizational elements (e.g., processes, routines, and culture) provide valuable sources
for knowledge creation and product development (Sackmann 1992). R&D workers play a
key role in knowledge management by contributing to the firm’s knowledge management
system and generating knowledge for product development.

Intellectual capital enables firms to effectively exploit and transform organizational re-
sources (Schultz 1961). For example, TSMC’s technological advancement is correlated with
the company’s employment of professional human capital (TSMC 2011; Lin 2014). Corpo-
rate innovation requires unique knowledge, skills, and experience (Teece et al. 1997). Highly
educated and skilled workers increase a firm’s ability to address complex problems. These
workers adapt quickly and efficiently to new tasks and possess the knowledge and skills
necessary to identify problems and develop creative solutions (De Spiegelaere et al. 2018).

More importantly, innovative human capital—workers with high education, training,
and research orientation—may be more valuable for product and process innovation in
financially constrained firms (McGuirk et al. 2015). Financing constraints may lead firms
to focus on routine tasks while reducing their emphasis on innovation. Strong R&D
human capital enables firms to overcome financial resource constraints, thereby creating
the necessary motivation for sharing knowledge, information, and ideas among employees.

When Steve Jobs returned to Apple in 1996, the company was in a bad state. Following
his return, the company’s performance grew from USD 10 billion in losses to USD 4 billion
in profits in a year. The company dominated the market with the launch of the iPod in 2001
and the iPhone in 2007. In a YouTube video viewed six million times, Jobs emphasizes that
Apple’s core value is people with passion who want to change the world.! He hired the
right people and trusted them to perform. As such, strong R&D human capital enhances
cooperation, communication, and teamwork to effectively transform scarce resources
into commercial outcomes. In other words, firms with strong intellectual capital earn
supranormal returns through the minimal cost of obtaining knowledge and skills (Zucker
et al. 1994). Based on this discussion, we develop our second hypothesis:
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H2. The negative association between financial constraints and firm innovation is positively
moderated by R&ED human capital.

3. Data and Methodology
3.1. Data

To examine the research hypotheses, this paper used the Corporate Innovation Survey
from 2020. The Science and Technology Policy Institute of Korea (STEPI), a government-
funded research institute, administers the survey and provides the data results to the
public. The survey was answered by 4000 manufacturing firms selected from 50,785 Korean
firms with more than ten employees, using a stratified random sampling method, which
divided the population into strata based on industry classification and workforce size. The
response rate was 32.3%, resulting in the final 4000 firm respondents comprising the initial
sample. Thank you for your question. The 32.3% response rate reflects the proportion
of firms that completed the survey out of the total sample contacted. The survey used a
stratified random sampling method, ensuring that respondents are representative of the
broader population of South Korean manufacturing firms in terms of industry classification
and firm size. After excluding firms that did not respond to survey items used in the
analyses, the final sample consists of 3998 firms. Table 1 shows the top ten industries in our
final sample.

Table 1. Top ten most frequent manufacturing industries of the sample firms.

Industry Frequency Percentage
Chemicals and chemical products 631 15.78
Other machinery and equipment 412 10.31
Motor vehicles, trailers, and semitrailers 394 9.85
Electronic components, computers; visual, sounding, and communication equipment 333 8.33
Basic metals 328 8.20
Electrical equipment 320 8.00
Fabricated metal products 304 7.60
Food products 296 7.40
Rubber and plastics products 184 4.60
Other non-metallic mineral products 140 3.50

The survey provides a powerful setting to examine the relationship between hu-
man capital, firm innovation, and financial constraints. It covers a comprehensive set
of questions on the responding firms” innovation outcomes (e.g., product/service inno-
vation during the past three years), enabling us to directly measure a firm’s innovative
performance. In addition, the survey provides information on human capital, such as the
proportion of highly educated employees (e.g., those with master’s or doctoral degrees)
and the proportion of R&D employees compared to the total workforce (e.g., workers who
research technology and develop products). Another advantage of the survey is that it
presents questions about firms’ financing constraints. In particular, it questions respondents
on the difficulty of raising funds from various capital providers (e.g., internal cash reserves,
related parties, banks, stockholders, governments, etc.). Using the survey items, we can
directly measure the financing constraints instead of relying on cash flow to proxy these
constraints (Savignac 2008). The composite reliability of the survey items is 0.76, supporting
the construct validity of the instrument (Abernethy et al. 2004). Details of the survey items
are in Appendix A.

3.2. Model Specification and Variable Measurement

To test Hypothesis 1, we estimated the following logit regression with fixed effects
using 3998 firm observations:
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Prob(Innovation; = 1) = ay + ayConstraints; + Controls + ¢; (1)

where i denotes firms.

The dependent variable, Innovation, indicates product (service) innovation during
the past three years. Innovation takes on 1 if a firm has produced (delivered) new or
improved products (services) in the past three years or 0 otherwise.” Our variable of interest,
Constraints, is the principal component of the survey items on the financing constraints
of the seven types of capital providers. The seven survey items measure the financing
difficulties from internal cash reserves, related parties, banks, stock issuance, bond issuance,
investment institutions, and the government. Firms facing economic limitations from a
greater (less) number of capital providers have higher (lower) values of Constraints. Details
of the survey instruments are in Appendix A. Based on H1, the coefficient for Constraints is
expected to be significantly negative (x <0).

To test Hypothesis 2, we estimated the following logit regression with fixed effects
using 3998 firm observations:

Prob(Innovation; = 1) = ag + a1 Constraints; + ap Constraints; x Human Capital; %)
+ a3 Human Capital; + Controls + ¢;
where i denotes firms.

As in Equation (1), the dependent variable is Innovation. To examine the moderating
effect of R&D human capital, we interact Constraints with Human Capital and measure R&D
human capital with two variables. Because highly educated employees have a better ability
to identify problems and obtain knowledge to create solutions, our first measure of R&D
human capital is High Education, which is the proportion of workers with master’s degrees
or higher. The second measure of R&D human capital is the proportion of researchers
among total employees (Researcher). We use this measure because workers” experience in
research and development, as well as their network with other research-oriented workers
and institutions, formulates intellectual capital within organizations. Based on H2, the
coefficient for Constraints x Human Capital is expected to be significantly positive («; > 0).

In Equations (1) and (2), we control for the variables that may influence a firm’s inno-
vation outcomes. Control variables include the natural logarithm of sales (LogSales) and
employees (LogEmployee), which proxy for firm size. Sizable firms have more complemen-
tary assets, which can be used for commercializing innovative ideas (Teece 1986). We also
control for firms’ listings on stock exchanges (Listed) because stock investors may demand
riskier investments than other types of capital providers, such as lenders. Complex indicates
whether a firm is located in an industrial complex. Network Diversity is the log number of
information sources firms rely on to obtain innovative knowledge and technology. Complex
and Network Diversity proxy the external networks that may benefit firms in acquiring
external knowledge and market information. We further control for corporate size fixed
effects because different sizes of firms receive varying government support and subsidies
for innovative activities. Lastly, we control for industry-fixed effects because innovative
activities vary across industries.

While endogeneity concerns such as reverse causality are often present in studies
examining the relationship between innovation and firm resources, the specific labor
market context in Korea reduces the likelihood of this issue. In many countries, firms
might increase or decrease their R&D human capital in response to innovation outcomes
or financial changes. However, in Korea, labor laws and the rigidity of the labor market
make it difficult for firms to flexibly adjust their workforce. The Korean labor market is
characterized by strong protections for employees, making it challenging to hire and fire
R&D workers in response to short-term innovation performance or financing conditions.
As a result, the path from innovation to R&D capital or financing is less likely compared to
the reverse. Firms in Korea are more likely to maintain a stable base of R&D human capital,
which suggests that the relationship from R&D human capital to innovation and financing
constraints is more credible in this setting.
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3.3. Descriptive Statistics

Panel A of Table 2 reports the descriptive statistics of the sample firms. Among our
sample firms, 23.8% have experienced product/service innovation (Innovation). Constraints
has a mean of zero and a standard deviation of one (because it is the principal component),
while its distribution is left-skewed (as revealed by the median that is greater than the
mean). Among the employees in the sample, 3.5% have a master’s degree or higher (High
Education), and 7.1% are dedicated to research and development activities (Researcher).
Average sales (Sales) are about 125 billion Korean won (equivalent to 87 million USD).
In the empirical analysis, we use the natural logarithm of sales (LogSales) instead of the
raw value of sales. On average, a firm has 182 workers (Employee). Among our sample
firms, 24% are located in an industrial complex (Complex), and 15% are listed on a stock
exchange (Listed). Network Diversity has a mean value of 1.680. Additionally, we examine
the relationship between financial constraints and R&D intensity. R&D Intensity, measured
by R&D expenditure scaled by sales, has a mean value of 3.7%.

Panel B shows the Pearson correlation coefficients among variables. Innovation is
negatively correlated with Constraints (o = —0.349, p < 0.01). While this univariate analysis
result is consistent with H1 in that financing constraints may hinder firm innovation,
we discuss the hypothesis testing based on multivariate analysis (that controls for other
factors that may influence firm innovation) in the following section. Innovation is positively
correlated with High_Education (p = 0.232, p < 0.01) and Researcher (p = 0.279, p < 0.01),
suggesting that firm innovation increases with stronger R&D human capital. Innovation is
also positively correlated with the proxies for firm size (LogEmployee, LogSales) and listings
on the stock exchange (Listed). However, Innovation negatively correlates with external
networks (Network_Diversity).

Table 2. Panel A: Descriptive statistics. Panel B: Descriptive statistics.

Panel A
Variables N Mean Median Min Max STD
Innovation 3998 0.238 0.000 0.000 1.000 0.426
Constraints 3998 0.000 0.224 —6.674 0.564 1.000
High_Education 3998 0.035 0.000 0.000 0.900 0.065
Researcher 3998 0.071 0.050 0.000 0.980 0.096
Sales * 3998 124,973 17,789 634 2,668,852 353,630
Employee 3998 182 57 10 2500 363
Complex 3998 0.237 0.000 0.000 1.000 0.425
Listed 3998 0.150 0.000 0.000 1.000 0.357
Network_Diversity 3998 1.680 1.609 0.693 2.303 0.598
R&D Intensity 2352 0.037 0.017 0.000 3.000 0.098
Panel B
1) 2) 3) 4) (5) (6) 7) (8) )
(1) Innovation 1.000
. —0.349 1.000

(2) Constraints <0.0001

. . 0.232 —0.263 1.000
(3) High_Education <0.0001  <0.0001

0.279 —0.210 0.439 1.000

(4) Researcher <0.0001  <0.0001  <0.0001
(5) LogEmployee 0.321 —0.442 0.222 0.115 1.000

SEMPIOY <0.0001  <0.0001  <0.0001  <0.0001
(6) LogSales 0.293 —0.414 0.218 0.138 0.885 1.000

e <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
(7) Listed 0.240 —0.422 0.228 0.167 0.526 0.506 1.000

<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
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Table 2. Cont.
Panel B
2 3) @ (5) (6) @ 8 9)
(8) Complex 0.023 —0.099 0.018 0.037 0.100 0.103 0.052 1.000
P 0.138 <0.0001 0.262 0.019 <0.0001 <0.0001 0.001

(9) Network_Diversit —0.337 0.103 —0.249 —0.461 —0.313 —0.311 —0.187 —0.018 1.000

- Y <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.255

Panel A: * Per million Korean won. One million Korean won approximates 700 USD as of 23 October 2022. Variable
definitions are in Appendix B. Panel B reports the Pearson correlation coefficients among variables. Bolded are
significant at the 5% level. Variable definitions are in Appendix B.

4. Empirical Results
4.1. Human Capital, Financial Constraints, and Firm Innovation

Table 3 reports the logit estimation results of Equations (1) and (2). The values of
variance inflation factors (VIFs) associated with each predictor do not exceed ten for all three
columns. The mean VIFs are 2.10, 2.16, and 2.17 in columns (1), (2), and (3), respectively,
suggesting that the effects of multicollinearity are within acceptable limits across columns.

In all columns, the dependent variable is a firm’s innovation outcomes regarding
products or services (Innovation). Column (1) shows the estimation result of Equation (1).
The coefficient for financing constraints (Constraints) is significantly negative (x; = —0.712,
p <0.01), suggesting that firms facing greater financing constraints exhibit less innovative
performance, supporting Hypothesis 1. Other variables are also worth noting: Proxies for
R&D human capital (Researcher, High_Education) have significantly positive loadings on
Innovation, suggesting that a firm’s innovative outcomes increase with a strong workforce.
Between the two proxies of firm size, LogEmployee is positively associated with Innovation,
while LogSales is negatively associated with it. This implies a firm’s human resources
better explain its innovative outcomes than its revenue-generating capacity. Interestingly,
Network_Diversity is strongly and negatively associated with Innovation, suggesting that
a firm’s network position offers both opportunities and constraints (Aldrich et al. 1986).
When a firm is over-embedded in its networks, the network has constraining effects on the
focal firm’s behaviors.

Columns (2) and (3) show the estimation results of Equation (2). In column (2), we
measure a firm’s R&D human capital with the proportion of the workforce designated
as R&D out of total employees (Researcher). In column (3), we measure the employees’
education level (High_Education). In column (2), the coefficient for Constraints is significantly
negative, as in column (1) (x; = —0.825, p < 0.01). The coefficient for the interaction
term Constraints x Researcher is strongly positive (x; = 1.213, p < 0.01). The sum of the
coefficient test (Hy: oy + & = 0) cannot reject the null (p = 0.35), indicating that financing
constraints’ negative effect on firm innovation disappears when the firm has a greater
proportion of R&D workforce. In column (3), the coefficient for the interaction term
Constraints x High_Education is strongly positive (ap = 1.300, p < 0.05). The sum of the
coefficient test (Hp: a1 + ap = 0) cannot reject the null (p = 0.39). Collectively, the results
in columns (2) and (3) suggest that strong R&D human capital mitigates the negative
effects of financing constraints on product/service innovation, supporting Hypothesis 2. In
Table 3, the pseudo R-squared values for our logit models range from 0.269 to 0.271. Given
the context of logistic regression, where pseudo R-squared values around 0.2 to 0.3 are
considered strong, we believe this metric provides a sufficient evaluation of the model’s
accuracy and predictive performance (Hosmer and Lemeshow 2000).

Untabulated tests indicate that R&D human capital does not significantly impact
R&D intensity. This finding can be explained by considering the nature of R&D human
capital in relation to R&D expenditure. Highly educated and skilled R&D employees
may enhance innovation outcomes by using existing financial resources more efficiently,
fostering creativity, and maximizing the returns on limited investments. As such, firms
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with strong R&D human capital may be able to innovate without increasing their R&D
intensity, i.e., the proportion of R&D expenditure relative to total sales.

Table 3. The results of the logit regression with fixed effects.

(V0] ) 3)
VARIABLES Dep var: Innovation
Constraints —0.712 = —0.825 *** —0.798 ***
(—13.150) (—11.572) (—11.416)
Constraints x Researcher 1.213 ***
(2.654)
Constraints x High_Education 1.300 **
(2.089)
Researcher 2.470 *** 2.711 *** 2.471 ***
(4.886) (5.274) (4.889)
High_Education 1.510 ** 1.656 ** 1.854 ***
(2.148) (2.369) (2.603)
LogEmployee 0.368 *** 0.364 *** 0.358 ***
(4.525) (4.467) (4.384)
LogSales —0.132* —0.131* —0.133 *
(—1.790) (—1.783) (—1.804)
Listed 0.017 0.025 0.033
(0.128) (0.189) (0.255)
Complex —0.108 —0.118 —0.119
(—1.025) (—1.122) (—1.130)
Network_Diversity —1.489 *** —1.462 *** —1.480 ***
(—14.628) (—14.249) (—14.486)
Constant 0.781 0.723 0.827
(0.916) (0.846) (0.967)
Industry FE Yes Yes Yes
Corporation Size FE Yes Yes Yes
Observations 3981 3981 3981
Pseudo R-squared 0.269 0.271 0.270

*,** and *** denote significance at 10%, 5%, and 1%, respectively, and the z-statistics are in parentheses. Columns
(1)~(2) show the estimation results of the logit regressions. Variable definitions are in Appendix B.

4.2. Additional Analysis: Entrepreneurial Culture and R&D Human Capital

So far, we have examined how human capital mitigates the negative effect of financial
constraints on innovative outcomes. Additionally, we explore circumstances where R&D
human capital contributes to creative outcomes to a greater extent via entrepreneurial cor-
porate culture. Managers often underscore the importance of fostering an entrepreneurial
culture that tolerates failure and encourages risk-taking. Two of the most innovative com-
panies, Amazon and Google, have flat organizational hierarchies in which decision-making
involves everyone, and employees at all levels enjoy a high level of autonomy to pursue
entrepreneurial endeavors (Pisano 2019; Clark 2020). Strong R&D human capital is likely
accompanied by an entrepreneurial culture, which enables the R&D workforce to fully
realize their creative ideas to compete with market rivals. Although the R&D workforce pos-
sesses rich ideas and capacity, organizations emphasizing stable financial performance may
discourage innovative activities. In contrast, entrepreneurial firms encourage employees to
exploit their knowledge and expertise to compete proactively with competitors.

Table 4 shows whether the effectiveness of R&D human capital hinges on a firm’s
entrepreneurial culture. We measure entrepreneurial orientation based on three survey
items on a firm’s aggressive competition to expand market share, because competitive
aggressiveness is an important element of entrepreneurial orientation (Dess and Lumpkin
2005). We divide our sample into Highly Entrepreneurial Culture (above-or-equal-to-median
principal components of the three survey items) and Less Entrepreneurial Culture (below-
median principal components of the three survey items) subsamples.® Columns (1) and
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(2) use the Highly Entrepreneurial Culture subsample to re-estimate Equation (2). In both
columns, we find a significantly positive moderating effect of R&D human capital on the
relationship between financing constraints and firm innovation, as shown by the positive
coefficients for Constraints x Researcher and Constraints x High Education (o = 1.303,
p < 0.05 in column (1), ap = 2.302, p < 0.01 in column (2)). This is consistent with our main
findings supporting H2.

In contrast, in columns (3) and (4), which use the Less Entrepreneurial Culture subsam-
ple, we do not find a significant moderating effect of R&D human capital. Collectively,
the results in columns (1)—(4) suggest that R&D human capital helps firms overcome fi-
nancing constraints for innovative activities only when the organization encourages the
entrepreneurial behaviors of their employees. This highlights the importance of corporate
culture in stimulating and exploiting R&D human capital to overcome financial difficulties
and reap innovative outcomes.

Table 4. The results of the logit regression with fixed effects.

ey @ 3) @

Dep var: Innovation

VARIABLES Highly Entrepreneurial Culture Less Entrepreneurial Culture
Constraints —0.913 *** —0.956 *** —0.533 *** —0.399 ***
(—9.48) (—9.99) (—4.38) (—3.09)
Constraints x Researcher 1.303 ** 0.450
(2.07) (0.60)
Constraints x High Education 2.302 *** —1.479
(2.88) (—1.16)
LogEmployee 0.447 *** 0.428 *** 0.234 * 0.239 *
(3.94) (3.77) (1.81) (1.85)
Researcher 1.989 *** 1.674 ** 2.676 *** 2.537 ***
(2.80) (2.41) (3.36) (3.25)
High Education 1.458 1.971 ** 2.292 ** 1.897 *
(1.57) (2.12) (2.06) (1.65)
LogSales —0.119 —0.119 —0.185 —0.184
(—1.17) (—1.16) (—1.60) (—1.59)
Listed —0.154 —0.132 0.262 0.238
(—0.92) (—0.79) (1.19) (1.07)
Complex —0.202 —0.214 0.034 0.046
(—1.41) (—1.49) (0.20) (0.28)
Network_Diversity —1.255 *** —1.276 *** —2.256 *** —2.303 ***
(—9.23) (—9.40) (—11.46) (—11.67)
Constant 0.044 0.192 2.837 ** 2.866 **
(0.04) (0.16) (2.07) (2.09)
Industry FE Yes Yes Yes Yes
Corporation Size FE Yes Yes Yes Yes
Observations 1991 1991 1941 1941
Pseudo R-squared 0.259 0.261 0.340 0.341

*,**, and *** denote significance at 10%, 5%, and 1%, respectively, and the z-statistics are in parentheses. Columns

(1)—(2) show the estimation results of the logit regressions. Variable definitions are in Appendix B.

5. Conclusions and Policy Implications

To better understand how firms can overcome financing constraints for innovative
investment, this study examines the relationships among financing constraints, innovative
outcomes, and R&D human capital and how these relationships differ across corporate
cultures. A survey of 3998 manufacturing firms in Korea is used to test the hypotheses. The
primary objective of this study is to incorporate a resource-based view of firm innovation,
suggesting that a firm’s human resources may substitute for its capital resources to realize
innovative outcomes. Three main conclusions are summarized as follows:

First, the results of the regression analysis indicate that, in general, there is a negative
association between financing constraints and a firm’s innovative outcomes. This suggests
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that financing constraints are an obstacle to a firm’s innovative activities, especially because
innovative projects are characterized by a high asset specificity and uncertain outcomes that
require risk premiums for capital. This study is differentiated from previous studies on cash
flow and innovative performance in that it exploits a unique survey that directly measures
the financing constraints perceived by firms” managers instead of relying on cash flow to
indirectly measure a firm’s financing ability. This study has been less concerned with the
measurement errors of financing constraints, showing that economic barriers significantly
hinder innovative achievement. The result is especially relevant for industries that include
small and medium enterprises (SMEs), as SMEs have a higher cost of capital than larger
companies with more credit. Fiscal authorities and central banks may expand financial
assistance to small businesses that pursue innovative projects through government grants
or low-interest loans for R&D investment. While SMEs face greater restrictions to providing
collateral for borrowing from banks, capital providers may introduce R&D valuation to
adequately qualify small firms with a high expected value for loans.

Second, this study generates an important managerial implication. Although our
results show a negative association between financing constraints and innovation perfor-
mance, the literature has documented inconclusive evidence, calling for further investiga-
tion. This study fills the void in the literature by suggesting moderating factors that may
alter this relationship. R&D human capital, measured by the proportion of highly educated
employees committed to research and development activities, positively moderates the
relationship between financing constraints and product/service innovation. The results in-
dicate that a firm with strong human resources can overcome the negative effect of financial
difficulties on innovative outcomes. This supports the importance of human resources in
cultivating an innovative culture to achieve commercial outcomes in financially constrained
periods. R&D human capital accumulates knowledge and creative processes within an
organization, enabling firms to utilize constrained financial resources more efficiently to
produce innovative outcomes. To reap supra-normal returns from capital investment on
innovative projects, firms should invest in R&D talent. Managers should attract and retain
tech talent to accumulate organizational intellectual capital at the individual firm level.
Engagement at a societal level is also required in the form of training and educational
programs for technical workers.

Third, this study underscores the intangible assets in accomplishing innovative perfor-
mance. While R&D human capital helps firms overcome financial constraints on innovation,
the R&D workforce’s role can significantly be limited in an inflexible culture. Additional
analyses indicate that the positive moderating effect of R&D human capital appears only
when firms have a robust entrepreneurial culture. Managers who want their team to in-
novate must create a culture of intellectual bravery in which organizational members are
willing to challenge the status quo, even if it involves being marginalized and punished.
As leaders, managers should encourage employees to think beyond short-term stability
and pursue fundamental changes to overcome financial distress.

This paper is subject to the following caveats. First, since it exploits a survey of Korean
manufacturing firms in 2020, the results may not be generalizable to settings with different
labor and product market conditions. While Korean firms have low turnover rates, enabling
them to retain staff even during financial distress, firms in countries with flexible labor
markets may not be able to exploit human capital to produce returns from limited financial
resources. Secondly, the proxies of R&D human capital may reflect confounding factors
that simultaneously increase financing constraints and firm innovation. However, such
concerns make our results more conservative because any factors that intensify financing
constraints (e.g., the dilution of a firm’s collateral for loans) would reduce (rather than
enhance) innovation performance. In this regard, our empirical models are less likely
to suffer endogeneity problems. Nevertheless, our results must be interpreted with an
understanding of the specific research setting.

While this study focuses on firms operating under financial constraints, we acknowl-
edge that the dynamics between innovation, financial resources, and human capital could
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differ in firms with abundant financial resources. In such contexts, the reliance on high-
quality human capital may diminish as sufficient financial resources enable innovation
more directly. Furthermore, personnel policies, including corporate social responsibility
(CSR) initiatives, may become more prominent when financial constraints are less binding.
These considerations offer valuable avenues for future research, which could explore how
financial flexibility alters the balance between resource allocation, innovation strategies,
and workforce development.
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Appendix A

Survey Questionnaire and Measurement Instruments

Table Al. Sample of survey questionnaire.

Innovation Performance

Have you made/delivered any improved or new products/services (compared to the previous ones) in the past three years (i.e., 2017-2019)?

Please respond yes or no.

Financing Constraints

Please rate the extent to which you rely on the financing from each source for your innovation activities. The answer ranges from 0 (“We
can finance part of our investment in innovative projects from the source”, or “We can successfully finance from the source”) to 1 (“We do
not have any financing from the source”, or “We failed to receive financing from the source”).

Financing Source Reliance on Each Financing Source
1. Internal Cash Reserves
2. Related Parties
3. Borrowings from Banks “We can finance part of our investment in innovative projects from the
4. Stock Issuance source”, or “We can successfully finance from the source.”—0
5. Corporate Bond Issuance “We do not have any financing from the source”, or “We failed to receive
6. Borrowings from Investment Institutions financing from the source.”—1
7. Central Government
8. Local Government

R&D Human Capital

1. What proportion of your total employees have a master’s degree or higher?
2. What proportion of your total employees oversee research and development?
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Table Al. Cont.

Entrepreneurial Culture

The following three survey items use 7-point Likert-type scales ranging from 1 to 7.
1.

We cautiously take a position

after checking our < »  We strive to be a first mover to
competitors’ moves. 1 2 3 4 5 6 7 combat our competitors.

2.
We avoid overly aggressive .
actions and tryy toé;%ain tain < > We. take an aggressive posture to
our market share. 1 2 3 4 5 6 7 8ain market share.

3.
We def gnd oqrselsesﬁ’ OMOUT 4 »  We take preemptive actions and a
co;np etitors in a defensive, 1 > 3 4 5 6 7 forceful approach toward rivals.
calm manner.

Table A2. Measurement instruments.

Factor Composite

Mean Median Min Max STD Loadings Reliability

Firm Innovation (N = 3998)

Indicates “yes”: the firm has made improved or new products/services in the
past three years.

Indicates “no”: the firm has not made improved or new products/services in

Innovation =1

Innovation = 0

the past three years.
Innovation
Financing Constraints (N = 3998)
Difficulties in financing internal cash reserves 0.000 0.224 —6.674 0.564 1.000 0.42
Difficulties in financing related parties’ funds 0.487 0.000 0.000 1.000 0.500 0.61
Difficulties in borrowing from banks 0.936 1.000 0.000 1.000 0.244 0.43
Difficulties in issuing stocks 0.808 1.000 0.000 1.000 0.394 0.80
Difficulties in issuing bonds 0.961 1.000 0.000 1.000 0.193 0.81 0.76
Plff.lcul‘tles in financing from investment 0.960 1.000 0.000 1.000 0.195 033
institutions
Difficulties in receiving subsidies from central 0.981 1.000 0.000 1.000 0137 0.54
governments
Difficulties in receiving subsidies from local 0.986 1.000 0.000 1.000 0.118 0.23
governments
Constraints * 0.000 0.224 —6.674 0.564 1.000
R&D Human Capital (N = 3998)
High_Education 0.035 0.000 0.000 0.900 0.065
Researcher 0.071 0.050 0.000 0.980 0.096
Entrepreneurial Culture (N = 3998)
First mover 3.693 4.000 1.000 7.000 1.471 0.85
Aggressively expand market share 4.006 4.000 1.000 7.000 1.378 0.86 0.80
Preemptive actions 3.458 4.000 1.000 7.000 1.359 0.53
Entrepreneurial Culture ** 0.000 0177  —2513 2952 1.000

* For the principal component analysis, we entered seven survey items (difficulties in financing from each financing
source) into the analysis. We used the first principal component with an eigenvalue greater than 1. ** For the
principal component analysis, we entered survey items into the analysis after standardizing them (Abernethy
et al. 2004). We used the first principal component with an eigenvalue greater than 1.
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Appendix B

Variable Definitions

Variables Definitions

Indicator that takes on 1 if a firm has produced (delivered) new or improved products (services) in
the past three years or 0 otherwise.
Principal component of the survey items on the financing constraints of the seven types of capital

Innovation *

Constraints * providers. The seven survey items measure the financing difficulties from internal cash reserves,
related parties, banks, stock issuance, bond issuance, investment institutions, and the government.

High Education * Proportion of workers with master’s degrees or higher.

Researcher * Proportion of researchers among total employees.

LogSales Natural logarithm of sales.

LogEmployee Natural logarithm of the number of employees.

Listed Indicator of a firm’s listings on stock exchanges.

Complex Indicates whether a firm is located in an industrial complex.

o Log number of information sources firms rely on firms to obtain innovative knowledge

Network Diversity

and technology.

Principal component of three survey items on a firm’s aggressive competition to expand market

Entrepreneurial Culture * e . . . X . .
share, because competitive aggressiveness is an important element of entrepreneurlal orientation.

* Details of survey instruments are in Appendix A.

Notes

! The link for the video: https://youtube/keCwRdbwNQY (accessed on 10 October 2023).

We used a single measure of innovation instead of separately measuring products and services, as we aimed to determine the
output of firm innovation in general.

The composite reliability of the survey items is 0.80, supporting the construct validity of the instrument (Abernethy et al. 2004).
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