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Abstract: The issue concerning the increasing research and development (R&D) investment in
emerging markets is especially attractive for many researchers and practitioners. This paper measures
and compares the characteristics of Chinese and South Korean R&D expenditures of manufacturing
companies from 2012 to 2016. It also examines the impact of R&D investment on firm performance.
The results show that debt maturity and cash reserves are positive determinants of R&D investment
in China and South Korea. Firm size, internal financing, and debt ratio are restrictive factors of R&D
intensity in Chinese manufacturing companies, while debt ratio is the only negative determinant
of R&D investment in their South Korean counterparts. The results also show that R&D intensity
exhibits a strong positive impact on the performance of manufacturing companies in both countries.
Moreover, this impact is stronger in South Korea than in China. In addition, R&D investment has a
positive time-lag effect only on the performance of Chinese manufacturing companies. Our study
presents some new evidence for the relationship between R&D intensity and firm performance in
emerging markets.

Keywords: R&D investment; firm performance; manufacturing industry; emerging markets; China;
South Korea

1. Introduction

The manufacturing industry in emerging markets has been facing numerous issues, such as
sustainability, because of changes in the landscape of global manufacturing [1]. Innovation is a
new driving force for manufacturing firms to obtain competitive advantages in today’s dynamic
environment characterized by fast changes in customers, technologies, and competition [2,3].
In general, large companies spend substantial amounts of money on research and development (R&D)
activities in order to obtain competitive advantages, which leads to higher operating performance [4].
Furthermore, it seems that R&D investment can bring greater benefits during an economic crisis.
Ré&D-intensive firms are probably less sensitive to external shocks, since their products are not easily
substituted with other cheaper alternatives.

According to the Morgan Stanley Capital International (MSCI) Emerging Markets Indexes [5],
China and South Korea are emerging markets in Asia [6—8]. From the 2016 edition of the European
Union (EU) Industrial R&D Investment Scoreboard released by the Economics of Industrial Research
and Innovation (IRI), we get to know that Chinese companies continued to show the best performance
with regard to R&D growth (up by 24.7%), but also presented a significant decrease in net sales (—6.2%),
and South Korean companies showed a more modest R&D growth and also a slight decrease in net
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sales [9]. Based on the resource-based view (RBV) [10], innovation is the result of unique resources and
the accumulation of knowledge. Since the firm’s internal resources (both tangible and intangible) are
limited, it is reasonable for a firm to optimally allocate their resources in order to achieve a sustainable
competitive advantage. The effective allocation of a firm'’s research resources has been one of the
hottest issues in both academic and practical circles. In terms of practical applications, exploring the
relationship between R&D intensity and firm performance is important, because an explicit association
helps us justify R&D subsidy policies for the firms. In addition, Asia’s emerging economies have
relatively incomplete and imperfect financial systems and capital markets compared with developed
countries, which leads to difficulties in financing R&D projects [11]. An absence of studies pertaining to
the determinants of R&D investment in the context of emerging economies is the primary motivation
for this paper.

The objective of this paper is to analyze and compare the factors that may affect R&D investment
in China’s and South Korea’s manufacturing industries, and test whether R&D investment contributes
to firm performance in these two emerging countries. Our focus on the manufacturing industry
is because the manufacturing industry is the main driving force of economic growth in these two
countries [12,13]. In the context of Industry 4.0 [14] many manufacturing firms suffer to a great extent
from fierce international competition, and R&D investment may provide the critical resources to
successfully compete against incumbent firms [4,15]. Given the importance of R&D investment, it is
worthwhile to identify the determinants of firms’ R&D investments. Also, the characteristics of R&D
investment in emerging markets have attracted greater interest from scholars [16,17].

We are interested in the following research questions. (1) What are the determinants of R&D
investment in emerging markets? (2) How do these determinant factors affect R&D investment
activities? (3) What is the impact of R&D intensity on the firm’s performance in emerging markets?
(4) Are there any differences in the performance of R&D intensity between the two emerging countries?
As far as we know, little effort has been made to comprehensively examine the determinants of R&D
investment and its impact on firm performance in emerging markets. It is necessary to measure
R&D efficiency in our China—Korea comparative study. To do so, we consider two samples in the
manufacturing industry: 960 Chinese companies, and 211 Korean companies.

The contributions of this paper are as follows. First, the extant literature has focused on the
determinants of R&D investment only in one country or region, and little research has been done on
any comparison across countries. This paper examines the factors that may have an influence on R&D
investment in China and South Korea for the first time. Second, we test whether R&D investment
contributes to a firm’s performance in emerging markets. A large body of literature has largely focused
on the empirical practices in the United States (US), which is a developed and leading country. Clearly,
our study will enrich and extend the empirical studies on the effect of R&D investment on firm
performance in emerging markets. Third, identifying R&D determinants can help corporate managers
and decision makers understand how funds can be raised for R&D investment and provide valuable
information for developing strategies efficiently and allocating limited resources reasonably.

The remainder of this paper is structured as follows. Section 2 describes the development of
the manufacturing industry in China and South Korea. This is followed by Section 3, which reviews
previous studies and develops a set of hypotheses. Section 4 presents the methodology used in the
study. Section 5 presents the statistical estimation results of the study. Section 6 discusses the results.
Finally, the conclusions are discussed in Section 7.

2. Manufacturing Industry in China and South Korea

2.1. Manufacturing Industry in China

China, the largest emerging market [18] is in the catching-up stage and is experiencing a rapid
increase in R&D intensity. The manufacturing industry is the main body and pillar of China’s
economy [19,20]. In 2017, manufacturing accounted for 36% of China’s gross domestic product
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(GDP). In 2015, China’s State Council issued a 10-year national plan, Made in China 2025, aiming to
transform China from a manufacturing giant into a world manufacturing power. The plan was the
country’s first action plan focusing on promoting manufacturing. To promote manufacturing and
national competitiveness, it is important to mobilize every conceivable element to stimulate innovation
rather than simply support a single industry.

China’s spending on R&D accounted for 2.1% of GDP in 2016, which lagged far behind that of
South Korea, Japan, the US, and Europe. According to the China Statistical Yearbook on Science and
Technology, the total amount of R&D expenditure in the manufacturing industry increased from 569.53
billion yuan (71.86 billion euros) in 2011 to 1058.03 billion yuan (133.49 billion euros) in 2016.

In recent years, China’s manufacturing industry has experienced large-scale technical innovation
and industrial upgrading. However, compared with developed countries such as the US, there still
exists a very large gap in several areas such as independent innovation capacity, resource utilization
efficiency, and industrial structural level [21]. Particularly, in the process of economic transformation,
China’s manufacturing industry faces internal pressures such as insufficient scientific and technological
innovation, low energy efficiency, serious environmental pollution, and rising labor costs. Also, the
Chinese government announced a series of policies (e.g., tax reduction and government subsidies)
to encourage manufacturing companies to make substantial and continuous investments in R&D
activities [22,23].

2.2. Manufacturing Industry in South Korea

According to the report by the Korea Institute for Industrial Economics and Trade (KIET) in
2012 [24], about 20% of all of the companies that were surveyed had overseas investment, and 46%
had investment plans in the future. In terms of industry, a majority of companies intended to make
investments in the electronics industry. Regarding region, China and ASEAN attracted most investors’
interest. In the context of Industry 4.0, overseas movements from Korean manufacturers have been
rapidly increasing in the manufacturing industry where price competitiveness has weakened.

In June 2014, the Korean government announced the Manufacturing Innovation 3.0 strategy to
upgrade competitiveness in the manufacturing industry and boost the general economy by raising new
industries and increasing innovative investment and export [25]. In 2016, R&D expenditure represented
about 4.227% of GDP compared to 2.337% in OECD countries and 3.141% in Japan, which ranked
second in the world [26]. However, Samsung Electronics Co., Ltd., the largest Korean manufacturing
company, has suffered a decline in performance facing the fierce competition in the international
market. It has been reported that the R&D intensity of the top 10 Korean companies, such as
Samsung Electronics Co., Ltd. and LG Electronics Inc., has begun to decline since 2017 [27]. Small and
medium-sized enterprises (SMEs) do not have substantial opportunities for growth compared with
globally competitive big companies [28]. The intensity of the R&D expenditure of SMEs is relatively
low due to the biased R&D structure [28].

In the context of R&D incentives, the Korean manufacturing companies need to make continuous
investment in R&D activities associated with high returns, which is a guarantee of future success and
sustainable development.

3. Literature Review and Hypotheses Development

3.1. Determinants of R&D Investment

The revenue of manufacturing firms mainly depends on new technologies and new products.
The R&D activities of manufacturing firms are characterized by a very long period of technological
development and a high level of risk [29]. Unlike tangible assets (e.g., plant and equipment), the
intangible assets created by R&D investment are quite difficult to evaluate. Since it takes quite a long
time to create intangible assets in the process of R&D activities, small firms with limited resources
generally have less capability to implement large-scale R&D programs. Even if it is frequently
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noted that start-up companies begin their activities with a total focus on a specific field, research
diversification quickly becomes a necessity [30].

In terms of firm size, early studies [31-33] have shown that there is no relationship between firm
size and innovation capability. Subsequently, Link [34] and Meisel and Lin [35] found a positive relation
between firm size and R&D expenditures. Recently, a study conducted by Chiang and Mensah [36]
showed that R&D spending is more valuable for firms with larger market shares. Based on an analysis
of the top 100 companies of the Chinese electronic and information industry, the findings of Wang [37]
suggested that the bigger the firm, the more investments in R&D. In addition, Mishra [38], Xu et al. [39],
An and Wang [40], and Choi and Lee [41] also drew the same conclusion. Another study by Khoshnevis
and Teirlinck [42] showed that large firms present a higher average scale efficiency and technical
efficiency, while small-sized firms suffer from scale and technical inefficiency. These findings provide
evidence that large firms tend to invest more in R&D activities. Based on the above considerations, we
formulate the following hypothesis:

Hypothesis 1 (H1). Firm size has a positive impact on R&D investment.

Corporate capital structure can create firm value, and firms usually tap the cheapest source of
funds, which is normally debt. However, for funding R&D projects, firms tend to use equity mainly
because future cash flows are uncertain and may not be available to pay back long-term debt [15].
Moreover, since the competition is fierce in the manufacturing industry, manufacturing companies
should limit the use of too much debt to avoid the risk of default. Highly leveraged firms are likely to
face financial constraints and high default risk, which should curb the funds in their R&D investment.
On the one hand, a firm’s R&D activities usually face higher risk. On the other hand, companies with
high leverage are also facing a higher risk of bankruptcy, so it is beneficial for these companies to use
internal funds and equity financing to support innovative investments rather than debt financing.

In terms of debt financing and R&D investment, the empirical evidence is mixed. A majority
of studies show the negative effect of debt on R&D investment [15,43—46]. Others show that debt
financing encourages R&D investment [47,48].

Relating to the composition of debt, firms are more likely to use long-term debt with a
corresponding horizon of R&D investments rather than short-term debt when R&D projects cannot
be funded internally [15]. Bank loans are a key aspect of the long-term funding sources. In addition,
if firms with high levels of R&D investments resort to debt financing, they should preferably use
long-term debt for which the principal is repaid only after several years. Therefore, we come to the
following two hypotheses:

Hypothesis 2 (H2). High debt ratio has a negative impact on R&D investment.
Hypothesis 3 (H3). There is a positive relationship between long-term loans and R&D investment.

The sensitivity of investment to the availability of internal cash flow has been a topic of the largest
empirical studies in corporate finance. Many studies have found a positive relationship between
R&D investment and internal funds, which suggests the existence of financial constraints due to the
difference between the costs of internal and external funds [48-54]. For instance, Grabowski and
Vernon [50] argued that cash flow is an important variable of the R&D intensity of 11 US drug firms
during 1974-1994, which was characterized by a rapid growth in industry R&D expenditures. Using a
sample of 15 pharmaceutical firms, Mahlich and Roediger-Schluga [53] also found that R&D intensity
is positively related to internal cash flows. Indeed, most firms prefer to use internal resources to
finance investment, because internal finance is cheaper than external finance due to the imperfect
capital markets [49].

With a series of R&D incentive policies and government subsidies, manufacturing companies
may depend less on internal cash flows to finance their private R&D projects. More generally, firms
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that can easily borrow from the bank should have a lower cost of external funds. As a result, R&D
investment should depend less on internal cash flows. Using a sample of 291 Japanese pharmaceutical
firms, Nivoix and Nguyen [30] found that R&D investment has no correlation with internal cash
flows because the Japanese financing system relies on bank financing. This leads to the following
research hypothesis:

Hypothesis 4 (H4). Internal cash flows have no impact on R&D investment.

It is generally believed that R&D occurs mostly when firms have more cash flow on hand. A bigger
cushion of cash appears to have a positive effect on R&D investment. Firms with low cash balances
are certain to experience great difficulties in achieving their full development, especially related to
R&D investment. Nivoix and Nguyen [30] found that R&D-intensive firms tend to hold more cash.
Chuang [55] found that Korean firms actively utilized cash holdings for R&D activities during the 2008
financial crisis, and accumulated cash briefly after the crisis. This leads to the following hypothesis:

Hypothesis 5 (H5). Cash holding has a positive impact on R&D investment.

The sixth hypothesis is about the potential of sales growth. When a firm has the potential to create
more profit than its competitors, it tends to make a greater effort to increase growth by maintaining the
competitive advantage [56]. This generally results in increasing R&D investment. Thus, the potential
of growth is likely to have a positive effect in R&D activities. Moreover, demand growth can result in
optimistic expectations, relax liquidity constraints, and allow firms to profit from economics of scale,
encouraging firms to innovate.

A number of studies [48,56-60] conclude that market growth is a fundamental determinant of
firms’ innovation activities. For example, by analyzing the sample of Korean manufacturing firms,
Lee [48] pointed out that sales growth positively affects R&D investment. Lee and Hwang [56]
collected data on Korean firms in information technology (IT) and non-IT industries, and also found
a positive correlation between growth potential and R&D investment. Therefore, we come to the
following hypothesis:

Hypothesis 6 (H6). Sales growth rate has a positive impact on R&D investment.

South Korea is superior to China in the extent of its economic development and technology
manufacturing [61]. South Korea has a relationship between competition and cooperation, and
has a dominating position in the high-tech and machinery-related manufacturing industries [62].
Additionally, China and South Korea have some differences in their national culture and institutional
systems, which to a great extent lead to differences in corporate governance and management style.
Lai et al. [61] found that due to differences in cultural background and national spirit, there are some
differences in the decisions and viewpoints regarding R&D investment in Taiwan, Japan, and Korea.
This leads to our seventh hypothesis:

Hypothesis 7 (H7). The determinants of R&D investment are different in China and South Korea.

3.2. Effect of R&D Investment on Firm Performance

The literature highlights the importance of R&D for the performance of firms in general [63,64].
In general, R&D investment can create an intangible asset, which will positively impact a firm'’s profit.
Regarding the role of profitability, a positive effect from R&D investment is expected. For example,
with financial data from 25 chemical firms, Reynard [65] showed that a decrease in net profit is
statistically significantly related to a decrease in R&D investment. An early study conducted by
Hirschey and Weygandt [66] showed that Tobin’s Q values are cross-sectionally correlated with R&D
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intensity. Subsequently, Megna and Klock [67], taking 11 US firms in the semiconductor industry as a
sample, argued that R&D investments are associated with higher firm value. Baek [68] confirmed that
R&D investment can increase Korean firm'’s sales. Lev and Sougiannis [69] demonstrated that R&D
investment is associated with an increase in earnings. Based on the analysis of 550 Korean listed firms
in 2004, Cho et al. [28] developed a parsimonious model, and found that R&D investment positively
affects firm performance when measured by productivity, profits, growth rates, the number of patent
applications, and the market value of the price earnings ratio. Filatotchev and Piesse [15] argued that
a high level of R&D input contributes to the growth of newly listed firms. Using the panel data of
China’s electronics manufacturing firms, Zhu et al. [70] found that R&D intensity exhibits a strong
impact on the firm’s performance, as measured by return on sales (ROS) and return on assets (ROA).

However, the relationship between profitability and R&D intensity is still complicated. Firms with
low profits may still make investments in private R&D to ensure the development of new products.
Conversely, firms with high profitability may not always lead to a higher level of R&D.

For a firm to survive in a Schumpeterian world, simply producing a given set of outputs while
employing a given set of inputs with a given technology is not enough [71]. It is not possible for a firm
with high profitability to reduce its R&D investment in the long run. Successful firms in the long run
must develop innovation capabilities and profit from them [72]. Based on the arguments above, we
propose the following hypotheses:

Hypothesis 8 (H8). R&D investment has a positive impact on firm performance.
Hypothesis 9 (H9). The impact of R&D investment on firm performance is different in China and South Korea.

In terms of the lagged effect of R&D investment, Falk [73] carried out a study in Austria, and
revealed that R&D intensity had a significant and positive impact on sales growth over the subsequent
two years. Xu and Jin [74] empirically found that R&D investment has a one-year lagged positive
effect on profit margin in China’s Internet of Things industry. A study by Xu et al. [75] also showed
that R&D investment has a significant short-term lagged effect on firm value, as measured by Tobin’s
Q. Lee and Choi [76] conducted a study on Korean pharmaceutical firms and observed that the impact
of the R&D intensities of the previous two and five years (f-2 and ¢-5, respectively) in terms of firm
value were significant. Therefore, we come to the following hypotheses:

Hypothesis 10 (H10). R&D investment has a positive lagged effect on firm performance.

Hypothesis 11 (H11). The lagged effect of R&D investment on firm performance is different in China and
South Korea.

4. Methodology

4.1. Sample

The analysis was carried out using all of the manufacturing companies listed on the Shenzhen
and Shanghai Stock Exchange and the Korean Stock Exchange over the period 2012-2016. In 2012, all
listed companies were required by the China Securities Regulatory Commission (CSRC) to disclose
detailed information about R&D expenditure in the annual financial statements. However, in 2011, the
Korean government adopted K-IFRS and required every listed company to generate their financial
reports based on new accounting standards. Therefore, the year 2012 is selected as the starting point.
We excluded companies without R&D activities for five consecutive years, companies with missing
data, and the companies that were listed after 2012. For Chinese manufacturing listed companies,
we also eliminated companies issuing other kinds of shares, like B, H, S, etc. Market value for
those companies is different from companies with only A-shares. For Korean manufacturing listed
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companies, companies without December fiscal year-ends were excluded. As a result, our final sample
was 960 Chinese manufacturing companies and 211 Korean manufacturing companies, which gave a
total number of 4800 observations and 1055 observations, respectively. Chinese data were sourced from
the China Stock Market & Accounting Research (CSMAR) database and Korean data were sourced
from the Data Guide database For facilitating comparison between the two countries, we convert
Korean Won to Chinese Yuan by using the Chinese official intermediate exchange rate by the end of
each year. On the basis of the literature [27,37,41,70,77-80], ordinary least squares (OLS) is used to test
the linear relationship between our dependent and independent variables.

4.2. Variables

Guided by the studies [66,67,75,81-83], Tobin’s Q ratio (TQ) is used to measure the firm’s performance.

We consider R&D intensity (RD), which is an indicator that has also been used in other
studies [20,27,30,48,78,84-86] dedicated to analyzing R&D investment.

As do other studies [16,20,30,70,80,81,85,87-89], we consider the factors that have an influence on
R&D expenditures. Firm size is measured by two variables: SIZE is the log of total assets, and SALE is
the log of sales. Cash flow is gauged by earnings before interest, taxes and depreciation over total sales
(CFS). Strength in the capital structure is measured by the ratio of total liabilities to total assets (LEV)
and the proportion of long-term loans (MATU). A firm’s liquidity is measured by the ratio of cash and
equivalent to total assets (CASH). GROW is measured by the sales growth rate. Finally, a year dummy
is introduced to control for changes in the economic environment. Table 1 presents the definitions of
the variables.

Table 1. Definition of Variables. R&D: research and development.

Variable Definition

Ratio between the sum of the market value of equity and book value of

i liabilities and the book value of total assets
RD Ratio of R&D expenditures to total sales
SIZE Logarithm of total assets
SALE Logarithm of total sales
LEV Ratio of total liabilities to total assets
MATU Ratio of long-term loans to total assets
CFS Ratio of earnings before interest, taxes, and depreciation to total sales
CASH Ratio of cash and equivalent to total assets
GROW Sales growth from the previous year
Year 1 for the test year, and 0 otherwise

4.3. Model Specification

For H1, H2, H3, H4, H5, H6, and H7, we employ model (1) to investigate the determinants of
R&D investment:

RDi,t = [30 + BlsIZEi’t (SALEM) + ﬁzLEVi/t + [53MATUi/t + E)4CFSi/t +B5CASHi,t + BéGROWi,t +
Year + €t
1
To test H8 and H9, model (2) is carried out to examine the relationship between R&D investment
and firm performance:

TQ;t = Bo + P1RD; ¢ + B2SIZE; + (SALE; ) + B3LEV;; + BaMATU; ¢ +p5CFS; ¢ + BeCASH; ¢ +

2
B7GROW;; + Year + € @
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To test H10 and H11, we use model (3) to examine the lagged effect of R&D investment:

TQit = Bo + B1RD; t-n + B2SIZE;; (SALE; ) + B3LEV;: + B4MATU;; +B5CFS; ¢ + B¢CASH; ¢ +

3
B7GROW; ; + Year + €;¢ n=1,2 ©)

wherei=1,... nand t =1, ... t represent the firm and year, respectively; Bo, B1, B2, B3, B4, B5, Bs,
and (37 are the presumed parameters; and e denotes the measurement error term.

5. Data Analysis

5.1. Descriptive Statistics

Table 2 provides the descriptive statistics for the studied manufacturing companies in China and
South Korea. Table 2 also reveals the significant differences for all of the variables, except sales growth
rate (GROW). We find that, on average, Chinese manufacturing companies had better performance
than Korean manufacturing companies. The R&D intensity of Chinese manufacturing companies was
much higher than that of their Korean counterparts. This is in line with Zhang et al.’s [90] finding that
profit-maximizing firms with a higher R&D efficiency tend to spend more on R&D.

Table 2. Descriptive Statistics.

Variables (Mean) China South Korea Difference t-Statistic
TQ 2.2928 1.2132 18.560 ***
RD 0.0418 0.0179 15.103 ***
SIZE 9.5534 21.7681 —448.761 ***
SALE 9.2914 21.5590 —415.302 ***
LEV 0.3997 0.4381 —5.557 #**
MATU 0.0281 0.1286 —45.054 ***
CFS 0.1446 0.0735 10.640 ***
CASH 0.1615 0.0566 26.272 ***
GROW 0.2953 0.0251 0.909

Note: *** p < 0.01. TQ: Tobin’s Q ratio; RD: research and development intensity; SIZE: total assets; SALE: sales; LEV:
leverage, or ratio of total liabilities to total assets; MATU: ratio of long-term loans to total assets; CFS: cash flow
gauged by earnings before interest, taxes, and depreciation over total sales; CASH: firm's liquidity measured by the
ratio of cash and equivalent to total assets; GROW: sales growth rate.

Based on the measures of firm size, Korean manufacturing companies are much bigger.
Korean manufacturing companies also tend to obtain more debt and hold less cash compared with
Chinese manufacturing companies, which appear to prefer equity financing and hold large cash
balances. They also appear to use a higher proportion of long-term debt when they have to borrow.

Figure 1 shows that the average R&D intensity increased steadily from 3.83% to 4.47% between
2012-2016 for Chinese manufacturing companies, while R&D intensity fluctuated around 1.75% for
their Korean counterparts. Regarding firm performance, it appears to be a difference in Tobin’s Q
between Chinese and Korean manufacturing companies, with an average Tobin’s Q of about between
1.56-3.37 for Chinese companies against about 1.20 for the Korean ones. Moreover, the decline in
Tobin’s Q in China between 2015-2016 may have alarmed investors.

5.2. Correlation Analysis

Correlation analysis was conducted before regression. Table 3 shows the results of correlation
analysis. We compute the variance inflation factors (VIFs) and find them all to be less than 2, suggesting
that multicollinearity is not a major issue in our study.
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Figure 1. R&D intensity and Tobin’s Q for Chinese and Korean manufacturing companies from 2012

to 2016.
Table 3. Correlation Analysis.
Panel A: China
Variable TQ RD SIZE SALE LEV MATU CFS CASH GROW
TQ 1
RD 0.196 *** 1
SIZE -0.438 *** -0.166 *** 1
SALE -0.421 *** -0.310 *** 0.899 *** 1
LEV -0.443 *** -0.222 *** 0.524 *** 0.528 *** 1
MATU -0.232 *** -0.048 *** 0.313 *** 0.207 *** 0.441 *** 1
CFS 0.146 *** -0.143 *** -0.012 -0.059 *** -0.214 *** -0.105 *** 1
CASH 0.239 *** 0.184 *** -0.245 *** -0.259 *** -0.482 *** -0.235 *** 0.117 *** 1
GROW -0.007 -0.013 0.026 ** 0.026 ** 0.022 * 0.020 * 0.003 -0.007 1
Panel B: South Korea
Variable TQ RD SIZE SALE LEV MATU CFS CASH GROW
TQ 1
RD 0.284 *** 1
SIZE -0.003 0.045*% 1
SALE -0.011 -0.014 0.961 *** 1
LEV 0.015 -0.1171%* 0.136 *** 0.184 *** 1
MATU 0.076 *** -0.014 0.285 *** 0.243 *** 0.623 *** 1
CFS -0.016 0.014 -0.011 -0.027 -0.012 -0.036 1
CASH 0.195 *** 0.105 *** -0.143 #**  -0.157 ***  -0.160 ***  -0.143 *** -0.010 1
GROW  0.130 *** 0.011 -0.027 0.003 0.072 *** 0.003 -0.006 0.119 *** 1

Notes: * p <0.10, ** p < 0.05, ** p < 0.01.

5.3. Determinants of R&D Intensity

We examine how R&D intensity is related to the above individual variables using multivariate
regressions. The empirical results appear in Table 4.
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Table 4. Regression Results of Model (1).

Variable China South Korea
Constant 0.113 *** 0.261 *** 0.0002 0.019 *
ons (7.065) (20.676) (0.020) (1.710)
—0.005 *** 0.001 *
SIZE (—3.106) (1.797)
—0.023 *** 0.0001
SALE (—15.893) (0.198)
LEV —0.053**  —0.025**  —0.020%*  —0.020 ***
(—11.284) (—5.435) (—3.915) (—4.037)
0.066 *** 0.053 *** 0.020 ** 0.024 **
MATU (4.359) (3.606) (2.006) (2.472)
CFS —0.046**  —0.043 ** 0.005 0.005
(—13.776)  (—13.566) (0.564) (0.564)
0.042 *** 0.041 *** 0.043 *** 0.040 ***
CASH (6.772) (6.784) (3.174) (2.989)
—0.00003 —0.00002 0.001 0.001
GROW (—0.505) (—0.288) (0.377) (0.722)
F 88.946 **  133.857** 5302 *** 4.757 #*
Year Yes Yes Yes Yes
Adij. R? 0.099 0.142 0.024 0.021
N 4800 4800 1055 1055

Notes: * p < 0.10, ** p < 0.05, *** p < 0.01. t-Values are in parentheses.

For China’s manufacturing sector, R&D intensity decreases with firm size, which is not consistent
with H1. This suggests that there may exist an extreme point for firm size in China. Small-scale
firms suffer from great pressure regarding their survival and development, which stimulates firms to
make breakthroughs in developing new products in order to expand their market share. Conversely,
large-scale firms are more likely to expand in a stable environment and attempt to avoid the potential
threats brought by risky R&D activities. However, when SIZE is used to measure firm size, R&D
intensity increases with the size of Korean manufacturing companies, which supports the notion that
the diversification of risk that is available to larger firms increases the incentives to engage in high-risk
R&D activities. Conversely, the lack of risk mitigation opportunities appears to increase the costs of
undertaking R&D investments for smaller firms.

Regarding the role of financing variables, it is clear that debt has a strong negative impact on
R&D intensity for these two samples. Besides, the maturity of debt also plays a significant role
for manufacturing companies in the two countries. The results indicate that companies prefer to
borrow long term to avoid the challenge of renewing short-term debt in adverse economic conditions.
Therefore, H2 and H3 are fully supported.

Next, the internal cash flow of Chinese manufacturing companies has a significant negative impact
on R&D intensity, while it has a non-significant positive impact on Korean manufacturing companies.

The influence of cash reserves on R&D intensity is significant and positive in both samples,
which is consistent with what Nivoix and Nguyen [30] obtained. Thus, H5 appears to be empirically
validated. Finally, the sales growth rate is not statistically significant in both samples, rejecting H6.

In conclusion, R&D expenditures in China largely depend on firm size (SIZE and SALE), debt
ratio (LEV), debt maturity (MATU), internal cash flow (CFS), and cash holding (CASH). For Korean
companies, debt ratio (LEV), debt maturity (MATU), and cash holding (CASH) are R&D determinant
factors. Thus, H7 is fully supported.
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5.4. Effect of R&D Intensity on Firm Performance

In this section, we analyze the relationship between R&D investment and firm performance.
Table 5 presents the regression results of model (2).

Table 5. Regression Results of Model (2).

Variable China South Korea
Constant 13.832 *** 10.790 *** 1.066 *** 0.934 ***
(25.670) (23.597) (3.325) (3.109)
RD 4.019 *** 2.592 *** 7.706 *** 7.677 ***
(8.305) (5.167) (9.144) (9.122)
—1.156 *** —0.009
SIZE (—19.661) (—0.634)
—0.840 *** —0.003
SALE (—16.521) (—0.228)
LEV —2.075 *** —2.241 *** —0.009 —0.003
(—12.968) (—13.775) (—0.066) (—0.023)
—0.766 —2.063 *** 0.766 *** 0.734 ***
MATU (—1.511) (—4.049) (2.865) (2.795)
CES 0.910 *** 0.699*** —-0.117 —0.118
(8.061) (6.166) (—0.473) (—0.476)
0.331 0.319 2.056 *** 2.073 ***
CASH (1.597) (1.519) (5.599) (5.637)
0.001 0.001 0.321 *** 0.322 ***
GROW (0.551) (0.531) (3.639) (3.648)
Year Yes Yes Yes Yes
F 256.372 *** 235.727 *** 22.524 *** 22.467 ***
Adj. R? 0.271 0.255 0.125 0.125
N 4800 4800 1055 1055

Notes: *** p < 0.01. t-Values are in parentheses.

Looking across the two samples, the coefficients of RD indicate that R&D investment has a positive
influence on firm performance. Moreover, the impact of R&D investment on firm performance in
China is weaker than in South Korea. Thus, this evidence is strongly supportive of H8 and HO.

Unsurprisingly, Chinese larger manufacturing companies are associated with lower performance.
There is a strong relationship between internal cash flow and firm performance only for Chinese
manufacturing companies, indicating that internal finance is of greater importance for firm
performance in China than in South Korea.

Leverage (LEV) does not affect the performance of Korean manufacturing companies. This result
may also be because these firms strive to repay debt in order to support their development. Besides,
high leverage can severely dent the performance of Chinese manufacturing companies. Debt maturity
(MATU) exhibits a negative impact on firm performance in the Chinese sample and a positive impact on
firm performance in the Korean sample. Besides, for Korean manufacturing companies, the associated
impact of cash reserves on firm performance appears to be quite significant. Finally, sales growth rate
(GROW) is associated with a significantly better performance for Korean manufacturing companies,
but not for Chinese manufacturing companies.

Table 6 shows the regression results of model (3). The coefficients of RD in the first and second
lag phase in China are positive and significant, but they are less than those in the current period
shown in Table 5, which suggests that R&D investment has a decreasingly positive lagged effect on
the performance of Chinese manufacturing companies. In South Korea, the lagged effect of R&D
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investment and firm performance are positively related, but not significant. Therefore, H10 is partially
supported, and H11 is fully accepted.

5.5. Robustness Check

We consider ROS to be an alternative measure of firm performance. Then, models (2) and (3) are
re-estimated. The regression results are similar to the basic results, which indicates that the conclusions
of this paper are robust.

6. Discussion

The analysis and comparison of characteristics of R&D investment in the manufacturing industries
of Korea and China provides several intriguing observations. First, we find a negative relation between
R&D and firm size in China, which is in line with the findings for the US, where a large share of
R&D investment is carried out by medium and small-sized firms. This is due to China’s favorable
policies for encouraging high-tech SMEs to invest more in R&D activities in the process of economy
transformation [91,92]. This negative relationship suggests the existence of economies of scale in the
management of R&D projects.

Second, we observe that the financing of R&D investment in China’s manufacturing sector does
not depend on internal funds, which is consistent with what Nivoix and Nguyen [30] have reported for
Japanese pharmaceutical companies. The company’s internal funds are used to distribute dividends
to shareholders. In 2015, the Chinese council issued a series of financial and monetary policies to
encourage bank financial institutions to increase credit for key areas of the manufacturing industry and
broaden direct financing channels for manufacturing enterprises [19]. In both emerging countries, R&D
expenditures are much more determined by the firm’s funding structure. More precisely, high debt
has a negative influence on a firm’s R&D intensity. Debt financing is too hazardous given its relatively
strict payment constraints. Giudici and Paleari [93] and Miiller and Zimmermann [94] pointed out the
importance of financing R&D investment with equity capital. Similarly, Filatotchev and Piesse [15]
suggested that debt financing is related to lower R&D intensity. Short-term debt is even worse, because
lenders may require the full amount to be repaid at short notice. Furthermore, if manufacturing
companies have to use debt, their preference is clearly in favor of long-term loans, which alleviate the
financial pressure of renewing short-term loans before R&D projects start to generate positive cash
flows. This financing behavior seems to be specific to manufacturing companies in both countries,
which is probably because of the extended payback periods that characterize their R&D investments.

The positive correlation between R&D intensity and liquidity position provides the evidence that
R&D activities need to be well funded and require appropriate financial resources to mitigate high
risks. This finding is consistent with the negative impact of debt for the reason that cash can be viewed
as negative debt (since excess cash can be used to repay the firm’s existing debt).

Another characteristic of China’s and Korea’s manufacturing industries is that firm performance
is positively associated with R&D investment. The analysis also reveals that Korean manufacturing
companies exhibit a better R&D performance than Chinese companies, which suggests that the
Chinese manufacturing sector need to focus more on improving their competitive advantages in
the context of international competitive market conditions. Besides, strong cash flows contribute to
improving the firm performance of Chinese manufacturing companies, while the maturity of debt,
cash reserves, and sales growth rate are favorable drivers of performance improvement for Korean
manufacturing companies.



Sustainability 2018, 10, 3002 13 of 18

Table 6. Regression Results of Model (3).

China South Korea
Variable
1-yearlag  1-yearlag  2-yearlag  2-yearlag  1-yearlag  1-yearlag  2-yearlag  2-yearlag
Constant 17.302 *** 13.367 *** 21.764 *** 16.511 *** 1.180 *** 1.1571 *** 0.986 ** 0.980 **
(28.193) (25.817) (30.436) (27.183) (3.126) (3.262) (2.327) (2.483)
RD 2.746 *** 1.472 *** 2.613 *** 1.110* 1.146 1.143 1.524 1.523
(5.271) (2.720) (4.366) (1.771) (1.169) (1.167) (1.320) (1.320)
SIZE —1.518 —1.977 *** —0.007 —0.0001
(—22.635) (—25.290) (—0.385) (—0.008)
SALE —1.114 *** —1.441 *** —0.005 0.0001
(—19.244) (—21.140) (—0.331) (0.007)
LEV —1.974 *** —2.179 *** —1.754 *** —2.031 *** —0.278 * —0.272* —0.122 —0.122
(—10.861) (—11.734) (—8.380) (—9.378) (—=1.714) (—1.679) (—0.643) (—0.643)
MATU —0.555 —2.300 *** —0.116 —2.531 #** 1.031 *** 1.016 *** 0.830 ** 0.829 **
(—0.941) (—3.854) (—0.169) (—3.578) (3.334) (3.353) (2.397) (2.443)
CFS 0.895 *** 0.585 *** 0.915 *** 0.532 *** 0.140 0.137 0.116 0.116
(5.944) (3.855) (5.339) (3.046) (0.446) (0.437) (0.332) (0.331)
CASH 1.784 *** 1.726 *** 2.611 *** 2.511 *** 2.301 *** 2.302 *** 2.269 *** 2.270 ***
(7.079) (6.735) (8.594) (8.036) (5.146) (5.138) (4.594) (4.590)
GROW 0.103 *** 0.109 *** 0.081 *** 0.088 *** 0.409 *** 0.410 *** 0.437 *** 0.437 #**
(4.368) (4.535) (3.250) (3.448) (3.484) (3.495) (3.172) (3.170)
Year Yes Yes Yes Yes Yes Yes Yes Yes
F 274.010 *** 247158 ***  261.630 ***  224.768 *** 8.138 *** 8.133 *** 6.294 *** 6.294 ***
Adj. R? 0.332 0.310 0.388 0.352 0.056 0.056 0.055 0.055
N 3840 3840 2880 2880 844 844 633 633

Notes: * p <0.10, ** p < 0.05, *** p < 0.01. t-Values are in parentheses.

In addition, firm performance appears to be positively related to past R&D investment only in
China’s manufacturing industry. As is well known, it generally takes a certain period of time to obtain
expected returns from R&D projects. The non-significant relationship between the lagged effect of R&D
investment and the performance of Korean manufacturing companies suggests that their commercial
success is hard to sustain, which is consistent with highly competitive market conditions.

The overall results of the empirical analysis indicate that the manufacturing sectors of China and
South Korea have some differences in their decision making and viewpoints concerning investment
activities in R&D.

7. Conclusions

In this paper, we empirically analyze and compare the determinants of R&D investment of
manufacturing companies in two emerging markets, and investigate whether R&D investment has
any effect on firm performance. Using firm-level data from 960 Chinese companies and 211 Korean
companies, we find the following results:

(1) Debt maturity and cash reserves are positive determinants of R&D investment in China and
South Korea. In addition, firm size, internal financing, and debt ratio are restrictive factors of R&D
intensity in Chinese manufacturing companies, while debt ratio is the only negative determinant of
R&D investment in Korean counterparts.

(2) Regarding the economic impact of R&D investment, the empirical results show that R&D
investment positively affects firm performance in China and South Korea. Korean manufacturing
companies have a higher R&D efficiency than Chinese ones.

(3) R&D investment has a decreasingly positive time-lag effect only on the performance of Chinese
manufacturing companies.

In light of the above conclusions, the main findings are as follows:
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(1) From a national perspective, China, an efficiency-driven country [95] should provide a better
environment for popular entrepreneurship and mass innovation by lowering barriers, strengthening
public services, and encouraging college students, scientists, and engineers to start new businesses [96].
If the Chinese government intends to accelerate industrial upgrading and convert the pattern of “Made
in China” into “Created in China,” great emphasis should be put on the importance of private high-tech
firms [91].

South Korea, an innovation-driven country [95], should establish intellectual property rights
legislation and provide effective support for science parks and business incubators for new and
growing firms [97]. The Korean government should also encourage SMEs to increase R&D inputs by
providing a series of tax incentives and R&D subsidies, aiming to maximize the social welfare [98].

(2) Based on the RBV, the manufacturing companies in the two countries should allocate R&D
resources efficiently and optimally, improve original innovation capacity, more actively promote the
use of advanced foreign technology, and accelerate the transformation of technological innovation.
For managers of Chinese and Korean manufacturing companies, we suggest the establishment of
lasting and trusting relationships with creditors, so as to obtain considerable reduction in the level of
information asymmetry.

(3) Under the complex market environment, Chinese manufacturing companies should constantly
enhance internal control, maintain a moderate scale, and avoid blind expansion so as to achieve healthy
and sustainable development.

(4) We suggest that policy makers in both countries create substantial tax incentives to reward
companies that make regular annual investments in R&D directed at registering patents.

In this paper, we have focused on the determinants of R&D investment in the manufacturing
industry. Other external factors (e.g., market structure, industry concentration, and customer
involvement) affecting R&D investment strategy warrant further academic research. Comparing the
emerging countries with the developed countries would also be fruitful. In addition, studies of other
industries would provide insight into the determinants of R&D investment in emerging markets.
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