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Abstract: This paper examines the investment behavior of research and development (R&D) under
uncertainty. We assume that there is a heterogeneous effect of uncertainty on R&D investment
depending on characteristics of a firm. According to the results, the size and the innovation capacity
of a firm are found to positively moderate the negative relationship between uncertainty and R&D
investment. When the entire sample is divided into large and small-and-medium enterprises and high
innovation capacity and low innovation capacity, it is found that the innovation capacity of a firm is
a more crucial factor in positively moderating the negative relationship between R&D investment
and uncertainty than the size of a firm. These findings provide policy implications, particularly for
small-and-medium enterprises (SMEs), to promote R&D activities.

Keywords: R&amp; D investment; firm size; firm innovation capacity; dynamic panel data analysis

1. Introduction

As the rapid technological advances, globalization and the convergence of industries have
intensified the competition among firms, the duration of a competitive advantage of affirm has
become gradually shorter. The average life span of the S&P (Standard & Poor’s) 500 companies
by 1928 was about 65 years, but it became 15 years by 2000 [1]. Therefore, to achieve sustainable
growth, a firm should differentiate themselves from others by making a new product or process
through constant innovation activities. Naturally, the literature on research and development (R&D)
investment, which is an input of corporate innovation activities, is in the spotlight in both academia
and policy makers.

Despite the importance of R&D investment, few companies continue to invest in R&D, except for
a few large companies. The reason why continuous R&D investment cannot be achieved in most
companies is due to the lack of funds to invest in R&D activities in the enterprise. The uncertainties
that are inherent in the process and the results of R&D increase the information asymmetry between
funders and investors in R&D activities [2]. Since information asymmetry requires funders to have
high returns on R&D investments, the external funding costs for R&D investments will be much
higher than the internal funding costs. Therefore, companies that do not have enough internal funds,
especially small ones, have difficulties in making sustained R&D investments [3].

Besides financial constraint, the uncertainty that is inherent in R&D activities can also be a
deterrent to continued R&D investment. According to real option theory, when there is uncertainty
about the outcome of an investment, the company has the incentive to make a better decision by
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acquiring new information while delaying the decision [4,5]. Since the greater the uncertainty,
the greater the value of the managerial flexibility, an increase in uncertainty is a factor that hinders
investment. Predictions of real options theory on the relationship between investment and uncertainty
are supported by many empirical studies. Koetse et al. [6], which conducted a meta-analysis of the
relationship between investment and uncertainty, found that uncertainty has a negative effect on
investment overall. Kellogg [7] analyzed the optimal investment decisions of firms in response to
changes in future oil price uncertainty using oil drilling data in Texas, USA. According to the results,
firms are less likely to invest if the uncertainty increases, as predicted by real option theory, and if a
firm behaves differently from the real option theory, then it will be economically disadvantageous.
Kang et al. [8] further confirmed the firm-level uncertainty and the economic policy uncertainty at
macro level have a negative synergy in impending the investment of an enterprise. In other words,
economic policy uncertainty is a factor that further enhances the negative impact of uncertainty on
corporate investment.

However, recent studies suggest that a negative relationship between uncertainty and investment
may not hold for R&D investment, which is of interest to this study. According to the Vo and Le [9],
firms increase R&D investment when they faced with high idiosyncratic return volatility. In particular,
it has been confirmed that uncertainty increases the positive effect of uncertainty on R&D investment
when a firm belongs to the competitive industry or has low market dominance. Ross et al. [10]
also identified a positive relationship between uncertainty and R&D investment. This relationship
is mediated by factors affecting the learning effects that are created by R&D investments, such as
corporate human capital and product lineup and industry maturity.

Extending the previous studies on the relationship between uncertainty and R&D investment,
this study attempts to analyze the existence of heterogeneity in the effect of uncertainty on R&D
investment. Folta and O’Brien [11] argued that corporate investment decisions are determined as a
conflict between the two options that are inherent in the investment opportunity. In general, if there
is uncertainty, irreversibility, and discretion over investment, the investment opportunity can have
two options: a deferral option and a growth option. Both two options have an option-like characteristic
that their value are an increasing function of uncertainty. A growth option, however, refers to an
option for opportunities that are created in the future through current investments, so it can only be
retained by enforcing a given investment opportunity. Thus, a firm cannot have both deferral and
growth options for a given investment opportunity at the same time. In other words, a firm can hold a
deferral option through delaying investment or have a growth option through executing investment.
Thus, the impact of uncertainty on a firm’s investment decisions is determined by comparing the value
of the growth option, which is the return earned through the investment, and the value of the deferral
option, which is the cost that is lost through the investment. If the value of both two options is affected
by the characteristics of a firm, in addition to the uncertainty, the characteristics of the firm ultimately
determine the relationship between the uncertainty and the investment.

The characteristics of the firms to be considered in this study are firm size and innovation
capacity, and this study ultimately examines how these characteristics moderate the relationship
between uncertainty and R&D investment. In particular, in measuring the innovation capacity of a
firm, this study uses the number of patents owned by a company. Since the output of innovation
activities contributes to the accumulation of innovation capacity, the patent, which is an output of
innovation activities, is good proxy for innovation capacity of a firm [12]. According to the theoretical
discussions of this study, the growth option is more important than the deferral in determining the
value of given R&D investment as the firm size and innovation capacity grow. Thus, the negative
impact of uncertainty on R&D investment is likely to be reversed into positive impacts as firm size
and innovation capacity increase. The results of this study support this empirically. In addition,
the findings of the sub-sample analysis further confirm that the influence of innovation capacity is
greater than that of firm size in determining the value of growth options that are inherent in R&D
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investment. Since this study utilizes a dynamic panel model, so we tried to improve the efficiency of
the estimator by adopting the system Generalized Methods of Moments (GMM) method.

The remainder of the study consists as follows. In Section 2, we try to derive the hypotheses to
be examined in this study with reference to previous studies. Section 3 discusses the data, variables,
and estimation methodologies that are used in this study. In Section 4, we perform regression analysis
based on the discussion in Section 3 to verify the research hypotheses that is presented in Section 2.
Finally, Section 5 presents the policy implications that are based on the results.

2. Literature Reviews

2.1. Uncertainty and R&D Investment: A Conflict between Deferral Options and Growth Options

In real option theory, it is argued that there is an option to defer investment when uncertainty
in investment, irreversibility of investment costs, and the discretion of investment decision makers
exist [4,5]. The deferral option creates value when the investment cost is irreversible and uncertainty
increases, by deferring the investment opportunity, allowing for the investor to invest in a better future
investment environment. Therefore, the greater the uncertainty, the greater the value of the option to
defer investment. However, once a company makes investment decisions at some point, this option
is no longer present. Therefore, the deferral option that is embedded in the investment opportunity
serves as the opportunity cost of the investment opportunity. Uncertainty, therefore, is an impediment
to investment by increasing the opportunity cost of the investment. The prediction of real option
theory has been verified by empirical studies on the relationship between uncertainty and investment,
and it has been confirmed that there is a negative relationship between uncertainty and investment in
general, as is consistent with the theory [6,13,14].

However, some empirical studies examining the impact of uncertainty on investment confirm that
there is a positive relationship between the two. Vo and Le [9] found that uncertainty increases a firm’s
R&D investment by using the measurement of uncertainty calculated by an idiosyncratic error of stock
returns. In addition, the positive effect of uncertainty on R&D investment is intensified when the
competition is fierce and a firm’s market power is low. Ross, Fisch, and Varga [10] also shows that the
increase in uncertainty stimulates R&D investment, and this relationship is positively moderated by
factors that increase corporate learning capacity, such as human capital, scope of innovation activities
of firms, and industry maturity. In these studies, the rationale for uncertainty to have a positive impact
on R&D investment is the strategic growth option that is inherent in R&D investment. Strategic growth
option is created when early investment can create a position where a company can better utilize
future growth opportunities [11]. In other words, if a leading firm can have first-mover advantage [15],
such as achieving technological superiority and building brand awareness, there are strategic growth
options that are embedded in an investment opportunity. The value of strategic growth options is an
increasing function of market uncertainty for the following reason. If market uncertainty is so high
that future markets are likely to explode, retaining strategic growth options through early investment
will provide a competitive advantage in leveraging the given market opportunities relative to other
latecomers. On the contrary, if the uncertainty is resolved and the market fails to grow unexpectedly,
the firm can limit the market’s downside risk to the cost of early investment by giving up investment
in growth opportunities.

When considering growth option in addition to deferral option, the effect of uncertainty on
investment becomes complex. The uncertainty that is inherent in an investment opportunity increases
both the value of growth option and the deferral option. However, while the deferral option disappears
due to the execution of investments, the growth option is generated only through the execution of
investments, so the two options are mutually exclusive. In other words, the deferral option is a
(opportunity) cost factor of investment, while the growth option is the revenue factor of investment.
Thus, uncertainty increases both the cost and the return of an investment, so the impact of uncertainty
on the investment is ultimately determined by the trade-off between the two options. If the value of
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the growth option that is embedded in an investment opportunity is not so large, uncertainty will be a
factor in delaying the investment, as the deferral option becomes more dominant in determining the
value of the investment opportunity. Conversely, if the value of the growth option that is embedded in
an investment opportunity is significant, uncertainty can be a factor in promoting investment, since the
growth option become more dominant in determining the value of investment opportunity. From this
point of view, it may not be surprising that most of the empirical studies showing that the uncertainty
hinders investment have utilized facility investment as a dependent variable, while the majority of
studies that confirm that uncertainty promotes investment have used R&D investment as a dependent
variable. R&D investment tends to provide future investment opportunities for firms in general,
as they have the purpose of developing products and services that do not exist in the market [16].
This suggests that the value of R&D investment is more dependent on the value of growth option than
on deferral option [17].

2.2. Firm Characteristics, Uncertainty and R&D Investment

If the characteristics of a firm affect the value of the deferral option and the growth option that
is involved in a given investment opportunity, then these characteristics determine the relationship
between uncertainty and the investment activity of the firm. In this sub-section, we focus on the size
and the innovation capability of a firm.

In relation to R&D investment, firms must make decisions under the total uncertainty of systematic
and non-systemic factors [18]. Uncertainty due to systematic factors is naturally resolved by time,
rather than being resolved by an action of a firm [19]. Therefore, it is difficult to expect that the
characteristics of firms will affect the resolution of uncertainty due to systematic factors. Theoretically,
the fact that the maximum value of the deferral option value is an irreversible cost of an investment
suggests that firm characteristics, such as firm size and innovation capacity, are not likely to influence
the value of the option. On the other hand, uncertainty due to non-systemic factors tends to be
resolved as a result of certain actions of a firm [19]. When considering that R&D investment is a
learning investment [20], we can look more specifically at the impact of firm characteristics on the
value of deferral option. The value of the deferral option depends on the new information that is
revealed through waiting. Therefore, if the information gained from waiting is not a new knowledge
to the enterprise, the value of waiting is minimal. The value of deferral options is not significant
for companies that are already at the forefront of the technological frontier since they do not have
targets to imitate or refer to. Conversely, companies that are small in size and are lacking in innovation
capacity may have a greater incentive to wait until technology uncertainty is reduced and through
imitation strategy. This is consistent with the results of the previous study [21], which shows that the
larger the firm size and innovation capacity, the more innovation is generated directly, and the smaller
the firm size and innovation capacity, the more innovation is generated indirectly.

Next, the size and the innovation capacity of a firm has the following effects on the value of
strategic growth options created by R&D investments. Generally, strategic growth options created by
R&D investment refer to future commercialization opportunities of new products or new technologies
through that. Therefore, it can be expected that the degree of competitive advantage of the firm
relative to competitors at the time of commercialization determines the value of the strategic growth
option of R&D investment [22]. In this respect, the value creation mechanism of strategic growth
options through R&D investment can be explained in terms of Lieberman and Montgomery [15]’s first
mover advantage. Boulding and Christen [23] argued that the emergence of a first mover advantage
requires the presence of an isolating mechanism, such as technology leadership, lack of resources,
and consumer switching costs, a strong market dominance, or a strong IPR (Intellectual Property Right)
protection system. A subsequent study, Boulding and Christen [24], regarded the preemption of scarce
resources and learning effects through early entry as a source of first-mover advantage. Therefore,
it can be easily confirmed through previous studies that the size and innovation capacity of a firm have
a positive effect in achieving the first mover advantage [25]. Other things being equal, the importance
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of strategic growth options is even more emphasized for large and innovative companies that are
beneficial in creating a first mover advantage, which is the source of value of strategic growth options
through R&D investment. In addition, as in the case of the deferral option, if the R&D investment
is considered as a learning investment, the magnitude of the value of the strategic growth option is
positively correlated with a firm’s learning capacity [26]. In large enterprises, the proportion of skilled
workers is generally high, and they contribute to the selection of perceived opportunities by linking
product markets and labs in the learning process [27,28]. Learning is cumulative and path-dependent.
From this point of view, it can be seen empirically that the learning rate of firms in the sectors that are
already known is higher than the learning rate of new ones [29]. Therefore, it is highly possible that
innovative companies that have already done a lot of innovation activities will have higher learning
rates. Therefore, it is possible to predict that, as the size and innovation capacity of a firm increases,
the value of the strategic growth option in the R&D investment increases.

To sum up, it can be inferred that the size and the innovation capacity of a firm determines the
relationship between uncertainty and R&D investment, as follows. First, companies with smaller
size and less innovative capacity are more likely to put more emphasis on the deferral option than
strategic growth option in R&D investment, so uncertainty in these companies is likely to hinder
R&D investment. On the other hand, firms with large size and high innovation capacity are more
likely to put more stress on the strategic growth option than the deferral option in R&D investment,
so uncertainty in these firms is likely to accelerate R&D investment. Therefore, this study examines the
hypothesis that firms’ size and innovation capacity moderate the relationship between uncertainty
and R&D investment, as the following Figure 1.

Hypothesis 1. The size of a firm has a positive moderating effect on the negative relationship between uncertainty
and R&D investment.

Hypothesis 2. The innovation capacity of a firm has a positive moderating effect on the negative relationship
between uncertainty and R&D investment.

Sustainability 2018, 10, x FOR PEER REVIEW  5 of 14 

selection of perceived opportunities by linking product markets and labs in the learning process 
[27,28]. Learning is cumulative and path-dependent. From this point of view, it can be seen 
empirically that the learning rate of firms in the sectors that are already known is higher than the 
learning rate of new ones [29]. Therefore, it is highly possible that innovative companies that have 
already done a lot of innovation activities will have higher learning rates. Therefore, it is possible to 
predict that, as the size and innovation capacity of a firm increases, the value of the strategic growth 
option in the R&D investment increases. 

To sum up, it can be inferred that the size and the innovation capacity of a firm determines the 
relationship between uncertainty and R&D investment, as follows. First, companies with smaller size 
and less innovative capacity are more likely to put more emphasis on the deferral option than 
strategic growth option in R&D investment, so uncertainty in these companies is likely to hinder R&D 
investment. On the other hand, firms with large size and high innovation capacity are more likely to 
put more stress on the strategic growth option than the deferral option in R&D investment, so 
uncertainty in these firms is likely to accelerate R&D investment. Therefore, this study examines the 
hypothesis that firms’ size and innovation capacity moderate the relationship between uncertainty 
and R&D investment, as the following Figure 1. 

Hypothesis 1. The size of a firm has a positive moderating effect on the negative relationship between 
uncertainty and R&D investment. 

Hypothesis 2. The innovation capacity of a firm has a positive moderating effect on the negative relationship 
between uncertainty and R&D investment. 

 
Figure 1. Research Framework. 

3. Data and Methods 

3.1. Data 

The purpose of this study is to analyze the heterogeneous effects of uncertainty on R&D 
investment depending on the characteristics of a firm. To this end, this study seeks to utilize the 
“Corporate Activity Survey” that is provided by the Korea National Statistical Office. As a complete 
enumeration survey, the Corporate Activity Survey is aimed at surveying companies with more than 
50 employees and 300 million won in capital. It provides a comprehensive overview of various 
business activities of a company (e.g., management performance, diversification, sequencing, e-
business system, performance management system, etc.). The reason for choosing the Corporate 
Activity Survey rather than other databases is as follows. In general, studies attempting to identify 
the relationship between uncertainty and firms’ investment activities have sampled listed companies 
to use stock returns data that are widely used to build uncertainty measures. However, the sample 
selection problem is likely to occur only when listed companies are used to test the heterogeneous 
effects of the uncertainty on R&D investment, which is one of the research questions that is to be 
addressed in this study. This is because most of the listed companies are larger than a certain size. 
Therefore, this study sought to avoid the above problems by choosing a Corporate Activity Survey 
that sampled as wide a range of companies as possible. 

Figure 1. Research Framework.

3. Data and Methods

3.1. Data

The purpose of this study is to analyze the heterogeneous effects of uncertainty on R&D
investment depending on the characteristics of a firm. To this end, this study seeks to utilize the
“Corporate Activity Survey” that is provided by the Korea National Statistical Office. As a complete
enumeration survey, the Corporate Activity Survey is aimed at surveying companies with more than
50 employees and 300 million won in capital. It provides a comprehensive overview of various business
activities of a company (e.g., management performance, diversification, sequencing, e-business system,
performance management system, etc.). The reason for choosing the Corporate Activity Survey rather
than other databases is as follows. In general, studies attempting to identify the relationship between
uncertainty and firms’ investment activities have sampled listed companies to use stock returns data
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that are widely used to build uncertainty measures. However, the sample selection problem is likely to
occur only when listed companies are used to test the heterogeneous effects of the uncertainty on R&D
investment, which is one of the research questions that is to be addressed in this study. This is because
most of the listed companies are larger than a certain size. Therefore, this study sought to avoid the
above problems by choosing a Corporate Activity Survey that sampled as wide a range of companies
as possible.

Specifically, this study uses sample data of Corporate Activity Survey from 2006 to 2014.
Because of the time lag in the construction of the variables and the econometric models that are
described below, the data used in the actual estimation are five years from 2010 to 2014. In addition,
since it is necessary to create the proxy variable for uncertainty through estimating the equation,
only the companies that are always present during the sample period are selected to construct
the balanced panel data. Therefore, this study ultimately utilizes 30,420 observations consisting
6084 companies over five years.

This section may be divided by subheadings. It should provide a concise and precise description
of the experimental results, their interpretation, as well as the experimental conclusions that can
be drawn.

3.2. Variables

The variables to be used in this study can be divided into three types: dependent variable,
explanatory variables, and control variables.

For the purpose of this study, the R&D intensity, which represents the amount of R&D investment
relative to sales, is used as the dependent variable, as in previous studies. This normalization process
contributes to the control of scale effect and dispersion effect in corporate R&D investment.

The main explanatory variable in this study is uncertainty related to corporate R&D investment
decision. As pointed out as a major reason for hindering the activation of empirical studies on
real option theory [30], it is very difficult to make a complete operational definition of uncertainty.
Previous studies [14,31,32] have focused mainly on defining the uncertainty that is faced by firms
through stock price volatility. However, this study is not able to measure uncertainty through
stock price volatility because many SMEs, not listed companies, are included in the sample. Thus,
this study seeks to measure the uncertainty faced by a firm in the following way, based on the fact that
corporate R&D investment decision is ultimately the act of maximizing profits and that it is affected by
firm-specific factors. According to Ghosal and Ye [33], first, a prediction model for profit of a firm is
defined, as following Equation (1).

Zt = β0 + β1Zt−1 + β2Zt−2 + εt. (1)

In Equation (1), the variable Z is not a simple profit but a ratio of profit to sales. Once the
regression Equation (1) is estimated, the residuals of the prediction model can be derived as follows.
Since residuals are an unstructured and unpredictable factor in determining the profit of a firm, it is
appropriate to measure the uncertainty that is associated with a firm’s profit margins.

ε̂t = Zt −
(

β̂0 + β̂1Zt−1 + β̂2Zt−2
)

(2)

Since the residuals that are derived from Equation (2) have positive or negative values, it is squared
to make them similar to the concept of variance that is the mathematical definition of uncertainty.
Finally, the uncertainty that is faced by a firm i in year t is defined, as follows: σ2

pro f it,it = (ε̂it)
2.

In order to verify the moderating effects of firm size and innovation capacity on the impact of
uncertainty on R&D investment, we define the firm size and the innovation capacity, as follows. First,
the size of a firm is defined as logarithm of total assets of a firm. Second, the innovation capability of a
firm can be represented by the number of patent which the firm has [34].
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This study attempts to control other factors that are affecting dependent variables. The following
control variables are confirmed with reference to the previous studies. First, R&D investment
has a consistency because R&D investments has a high adjustment costs [35]. In other words,
the R&D investment in period t is likely to be affected by the R&D investment in period t − 1.
Therefore, this study uses the first-order lagged variable of the dependent variable, R&D investment
intensity, as a control variable. In addition, corporate investment decisions are highly dependent
on investment opportunities, and previous studies generally measure investment opportunities as
Tobin’s Q. However, since it is difficult to measure Tobin’s Q in the limit of samples for the study,
the past three year average sales growth rate as the proxy variable of the investment opportunity
of the company [36]. In addition, since the capital structure of a firm affects the R&D investment in
the previous study [37], the debt ratio of a firm is added as a control variable. Referring to Fazzari,
Hubbard, Petersen, Blinder, and Poterba [3], which examined the effect of a financial constraint on
investment decision, the cash flow of a firm is added as a control variable. Finally, the time dummies
and the sectoral dummies are added to control the effects of macroeconomic non-observational factors
and industry heterogeneity on corporate R&D investment. The sectoral dummies are based one first
digit of Korean Standard Industry Classification (KSIC (It consists of five levels (five digits). First digit
represents ‘Section’, second one represents ‘Division’, third one represents ‘Group’, fourth one
represents ‘Class’, and fifth one represents ‘Sub-class’)).

Table 1 below briefly describes the definitions and measurement methods that are used in
this study.

Table 1. Description of variables.

R&D
Intensity (i,t)

Research and Development expenditure of the firm i including in-house, cooperation, and
outsourcing for the period ending on t normalized by the sales for the period ending on t

Uncertainty (i,t) The squared residuals derived from Equation (2) at the period ending on t for the firm i

Size (i,t) Logarithm of the book value of assets for the firm i at the period ending on t

Innovation
Capacity (i,t) The number of patent owned by the firm i at the period ending on t

Cash flow (i,t)
Cash flow of the firm i during the period t divided by the beginning of the periods book
value of total assets of the firm i where cash flow is defined as profit after tax plus
depreciation and amortization plus R&D expense

Debt ratio (i,t) The book value of debt for the firm i at the period ending on t divided by the beginning of
the periods book value of total assets of the firm i

Investment
Opportunity (i,t) The average sales growth rate over the past three years based on the period ending on t

3.3. Econometric Model

The econometric model of this study is as the following Equation (3).

yi,t = yi,t−1 + β1σi,t−1 + β2 Interaction(= σi,t−1 ∗ (Size or Inno. Capa.)) + ∑
j

xj,t−1β j + µi + εit (3)

In Equation (3), y represents the R&D intensity of a firm that is the dependent variable of the study,
σ is the square of the residuals of the profit prediction model, Equation (2), which is a proxy variable
for uncertainty, x’s are the control variables, µ is an individual effect, and ε is the idiosyncratic error.

To estimate the Equation (3), we adopt the System GMM method [38,39]. Under the assumption
of mean stationarity, the System GMM method is more efficient than the difference GMM [40] if the
shock on the dependent variable is persistent. Given that most of the firms in the sample are not
venture firms that have just been created, but they are still in existence on the market, the assumption
of mean stationarity for using the system GMM is reasonable. In general, the GMM estimation method
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has a one-step and two-step estimation procedures. In this study, we use two-step estimation method
that is an asymptotically efficient estimator when there is no strong assumption about the error term.
In addition, a cluster variance estimator is used to derive a robust estimate of variance for coefficients.

4. Results and Discussion

4.1. Descriptive Statistics

The descriptive statistics of the variables that are used in this study are shown in Table 2
below. Since the purpose of this study is to confirm the existence of heterogeneity, according to
the characteristics of firms in the effect of uncertainty on R&D investment, we focus on comparing
the differences in descriptive statistics by the type of firms. The types of firms are classified according
to the size and the innovation capacity of a firm through the following procedure. First, the size of
the company is divided into large companies with more than 300 employees and small-and-medium
enterprises (SMEs) with less than 300 employees. Next, the innovation capacity of a company is
divided into the high innovation capacity group and the low innovation capacity group, which is
based on the median of patents that the company has.

The results of the analysis are shown in Table 2 below. First, there is no big difference in R&D
intensity between large enterprises and SMEs. On the basis of innovation capacity, however, the R&D
intensity of the high innovation capacity groups is only 2.6%, while that of the low innovation capacity
groups is only 0.6%. Next, looking at the uncertainty that is faced by a firm, it can be seen that
SMEs are in a higher level of uncertainty than large enterprises. Based on the innovation capability,
the uncertainty that is faced by the low innovation capacity groups is more than double that of the
innovation capacity groups. For cash flow, although the difference is small, larger enterprises and high
innovation capacity groups are found to have higher values than SMEs and low innovation capacity
groups. As for debt ratio, the large enterprises and the high innovation capacity groups have a lower
value than the SMEs and the low innovation capacity groups. Finally, in terms of the average sales
growth rate over the past three years, which is the proxy variable for an investment opportunity, it is
found that the large enterprises and high innovation capacity groups have a higher value than the
SMEs and low innovation capacity groups.

Table 2. Descriptive statistics.

Variables All Firms
Split by Size Split by Innovation Capacity

SME Large Low High

Mean Std.
Dev. Mean Std.

Dev. Mean Std.
Dev. Mean Std.

Dev. Mean Std.
Dev.

R&D Intensity 0.02 0.05 0.02 0.05 0.01 0.03 0.01 0.03 0.03 0.06
Uncertainty 0.31 33.06 0.40 37.54 0.02 0.31 0.40 42.95 0.20 11.03

Innovation Capacity 45.48 865.71 6.56 23.75 179.90 1820.19 0.13 0.33 104.08 1308.34
Size 10.69 1.57 10.29 1.23 12.07 1.84 10.30 1.49 11.19 1.54

Cash Flow 0.09 0.15 0.09 0.16 0.10 0.13 0.10 0.15 0.09 0.15
Debt Ratio 0.58 0.45 0.59 0.47 0.55 0.36 0.61 0.48 0.54 0.40
Investment

Opportunity 0.10 0.41 0.09 0.44 0.12 0.27 0.09 0.44 0.11 0.36

Number Obs. 30,420 23,920 6500 17,148 13,272

4.2. Estimation Results

The purpose of this study is to verify the existence of heterogeneity by firm characteristics in the
relationship between uncertainty and R&D investment through estimating Equation (3). Table 3 below
shows the results of the system GMM estimation for the models extended from the baseline model to
various models by including explanatory variables that are to be verified in the study.
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Before the analysis, the following two preconditions are necessary for the system GMM estimation
that is used in this study to be appropriate. The first specification test is for over-identifying restrictions
in order to examine that the instrument variables that are used in the estimation are not correlated with
the error of the model. With the analysis of the Hansen test, the null hypothesis that the population
moment conditions are correct is not rejected; so, over-identifying restrictions are valid. The second
specification tests is to validate that there is no serial correlation in the error of the model. If it is violated,
the system GMM estimator is not consistent estimator. The results of the tests that are proposed by
Arellano and Bond [40] suggest that we do not need to worry about the serial correlation of the error
in the model. Additionally, we also perform a check on the consistency of system GMM estimates.
According to the Bond [41], the point estimates of system GMM on the lagged dependent variable
is expected to lie below the corresponding OLS estimate and above the corresponding fixed effects
(FE) estimate. Although we do not report specific results here, our results support the consistency
of estimates.

Table 3. Estimation results.

Dependent Variable: R&D (i,t)

(1) (2) (3) (4)

Independent variables

Uncertainty (i,t − 1) −0.0000295 *** −0.0000237 *** −0.0016142 ***
(0.0000032) (0.0000032) (0.0000448)

Moderating variables

Size (i,t − 1)
−0.0061088 *** −0.0058439 ***

(0.0010542) (0.0009902)

Innovation capacity (i,t − 1) 0.0000004 0.0000004
(0.0000005) (0.0000004)

Interactions

Uncertainty (i,t − 1) × Size (i,t − 1) 0.0001231 ***
(0.0000036)

Uncertainty (i,t − 1) × Innovation
capacity (i,t − 1)

0.0000143 ***
(0.0000003)

Control variables

R&D (i,t − 1)
0.1297011 *** 0.1023748 *** 0.0974904 *** 0.1115833 ***
(0.0268878) (0.0053720) (0.0064912) (0.0142919)

CF/TA (i,t − 1)
0.0048161 0.0005311 0.0006259 0.0040521 ***

(0.0028163) (0.0006141) (0.0006960) (0.0010450)

Debt/TA (i,t − 1)
−0.0001069 −0.0039237 *** −0.0037472 *** −0.0006862
(0.0023763) (0.0009854) (0.0010011) (0.0012463)

Investment Opportunity (i,t − 1) 0.0008500 * 0.0010351 *** 0.0009043 *** 0.0007000 *
(0.0004318) (0.0002811) (0.0002733) (0.0002925)

Time dummies Included Included Included Included

Sector dummies Included Included Included Included

Wald test 85.65 *** 562.09 *** 542.34 *** 7477.87 ***

Hansen test (p-value) 0.110 0.186 0.246 0.233

AR (1) (p-value) 0.012 0.017 0.017 0.016

AR (2) (p-value) 0.297 0.495 0.540 0.480

Number of instruments 50 74 76 78

N obs. 30,420 30,420 30,420 30,420

Note. Significance level: * 10%, ** 5%, *** 1%. The value in parentheses is standard error.
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It can be confirmed that there is a strong persistence in R&D investment, given that the lagged
R&D intensity variable has a significant positive value in all of the model specifications of Table 3.
Previous studies [35,42] argued that R&D is characterized by a high level of adjustment costs and an
accumulation process. Therefore, it is pointed out that doing R&D consistently is advantageous in
creating more innovation performance when compared to doing it sporadically. Second, according
to the column (3) and (4) in Table 3, as the size of the firm increases, the degree of R&D investment
decreases. It is not consistent with the late version of Schumpeterian Hypothesis (Schumpeter Mark II),
but it is consistent with the early version of Schumpeterian Hypothesis (Schumpeter Mark I). That is,
our results support the concept of “Creative destruction”, and not a “Creative accumulation”. As the
knowledge economy is activated by a number of innovative start-ups, a number of studies have
also been presented in which small firms are more active in innovation activities [43]. In addition,
as companies’ investment opportunities measured by sales growth rates in the past three years have
been confirmed to have a positive impact on R&D investment in all of the model specifications of
Table 3, the importance of recognized investment opportunities in R&D investment decisions has
been proven. The debt-ratio which represents the financial soundness of a firm has a negative effect
on R&D investment in column (2) and (3) of Table 3. It means that a financially table company is
more active in R&D investment. The cash flow variable is only statistically significant in column (4)
of Table 3. Since its sign is positive, the financial constraints affect R&D investment to some extent.
The remaining variable, innovation capacity, fails to present statistically significant results, irrespective
of model specifications.

Next, the moderation effects of the size and innovation capacity of a firm on the relationship
between uncertainty and R&D investment are as follows. In column (4) in the Table 3, the coefficients
of two interaction terms have a statistically significant and positive values. Therefore, all the research
hypotheses in the study are strongly supported. It suggest that there is a heterogeneity in the effects
of uncertainty on R&D investment. Uncertainty is the driving force of R&D investment as the size
is large and the innovation capacity is high. On the other hand, Uncertainty is a deterrent of R&D
investment when the size is small and the innovation capacity is low. Since it is widely known that
R&D activities is a fundamental driver of productivity and economic growth, these results can provide
implications for policy-makers to promote R&D activities. Specifically, it provides implications in how
to promote private R&D investment that the uncertainty that has been recognized as a factor impeding
R&D activities in the past may be a factor in promoting R&D activities depending on the nature of
the firm.

Additionally, we divide the entire sample into two sub-samples: large enterprises-SMEs and high
innovation capacity-low innovation capability groups. The purpose of it is to examine how innovation
capacity moderate the effect of uncertainty on R&D investment depending on the size of a firm and
vice versa. The criteria for dividing the sample are as follows. First, the distinction between large
enterprises and SMEs is based on the legal standards of the Republic of Korea, which is the subject of
this study. To be specific, if the number of regular employees is 300 or more, it is regarded as a large
enterprise, and if it is less than 300, then it is regarded as a SME. In the case of innovation capability,
a firm with the top 50% of the number of patents held is classified as a high innovation capacity firm
and a bottom 50% firm as low innovation capacity one.

According to the columns (1) and (2) of Table 4, the innovation capacity only positively moderates
the relationship between uncertainty and R&D investment for SMEs. Therefore, SMEs can offset
the negative effects of uncertainty on R&D activities derived from the small size, by strengthening
innovation capabilities. On the other hand, for large enterprises, the moderating effect of innovation
capacity is not only statistically insignificant, but it also has a negative sign. Therefore, it is only
effective for SMEs to offset the negative impact of uncertainty on R&D through the enhancement of
innovation capacity.
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Table 4. Sub-samples estimation results.

Dependent Variable: R&D (i,t)

In Terms of Size In Terms of Innovation Capacity

SME-(1) Large-(2) Low-(3) High-(4)

Independent variables

Uncertainty (i,t − 1) -0.0000946 *** −0.0008410 * −0.0001014 *** 0.0130490 ***
(0.0000053) (0.0004234) (0.0000234) (0.0001012)

Moderating variables

Size (i,t − 1)
−0.0071006 *** −0.0028495 *** −0.0025405 *** −0.0153991 ***

(0.0011148) (0.0007914) (0.0006918) (0.0015077)

Innovation capacity (i,t − 1) −0.0000057 0.0000002 0.0000182 * 0.0000001
(0.0000334) (0.0000004) (0.0000080) (0.0000008)

Interactions

Uncertainty (i,t − 1) × Size (i,t − 1) −0.0000033 −0.0010137 ***
(0.0000070) (0.0000080)

Uncertainty (i,t − 1) × Innovation
capacity (i,t − 1)

0.0000151 *** −0.0000006
(0.0000004) (0.0000013)

Control variables

R&D (i,t − 1)
0.1029980 *** 0.1202661 *** 0.0876473 *** 0.0615282 ***
(0.0165153) (0.0071433) (0.0129354) (0.0053999)

CF/TA (i,t − 1)
0.0055755 *** −0.0111500 *** 0.0015803 * −0.0024100
(0.0010977) (0.0024052) (0.0007928) (0.0038932)

Debt/TA (i,t − 1)
−0.0017819 * −0.0040433 * −0.0003751 −0.0034162 *
(0.0007271) (0.0016599) (0.0002135) (0.0016927)

Investment Opportunity (i,t − 1) 0.0004926 0.0021145 −0.0000831 0.0021776 *
(0.0002676) (0.0015284) (0.0005039) (0.0011101)

Time dummies Included Included Included Included

Sector dummies Included Included Included Included

Wald test 15168.12 *** 4353.30 *** 19519.01 *** 54490.62 ***

Hansen test (p-value) 0.228 0.395 0.743 0.333

AR (1) (p-value) 0.025 0.007 0.001 0.001

AR (2) (p-value) 0.453 0.374 0.117 0.724

Number of instruments 76 76 76 76

N obs. 23,920 6500 17,148 13,272

Note. Significance level: * 10%, ** 5%, *** 1%. The value in parentheses is standard error.

Looking at the columns (3) and (4) of Table 4, the moderation effect of the size of a firm is not
statistically significant for firms with low innovation capacity, and it has a negative value for firms
with high innovation capacity. If we look more closely at the results of the high innovation capacity
group, based on the logarithm of total assets of 12.87, which is derived from the marginal effect of
uncertainty on R&D investment, uncertainty has a positive impact on R&D investment for companies
below this value. On the other hand, uncertainty affects R&D investment negatively for companies
above this value. As shown in the descriptive statistics in Table 2, this figure is higher than the average
total assets of large enterprises. It implies that the value of the growth option that is inherent in R&D
investment is largely determined by the innovation capacity, and not the size of a firm. In the case
of high innovation capacity firms, the negative moderating effect of firm size can be interpreted as
follows. Since the absorptive capacity of a firm is an increasing function of the size of the firm [44,45],
large firms with high innovation capacity has a great level of the absorptive capacity. Firms with
high absorptive capacity can easily and quickly mimic the outcomes of competitors’ innovations,



Sustainability 2018, 10, 1668 12 of 14

which can increase the incentive to defer R&D investment under uncertainty. Therefore, if the size of
high innovation capacity firms exceeds a certain level, it can be predicted that the uncertainty will be a
factor that hinders R&D investment.

5. Conclusions and Implications

R&D activities are a source of innovation that leads to productivity and economic growth.
Therefore, the literature on R&D investment decisions has an important academic and policy
implication. This study focuses on growth options, which is one of the differentiating factors that
R&D investment has over other types of investment of a firm. The existence of growth option is a key
factor that makes the effect of uncertainty on R&D investment different from other investment types.
This study empirically verifies that the effect of uncertainty on R&D investment differs from firm to
firm under the theoretical argument that the growth options that are inherent in R&D investment are
affected by the characteristics of the firm. The results of the analysis are briefly summarized, as follows.

The size of a firm has a positive moderation effect on the relationship between uncertainty and
R&D investment, and the innovation capacity of a firm also positively moderates the relationship
between the two. In other words, the impact of uncertainty on R&D is negatively impacted when the
size and innovation capacity of a firm is small, but when the size and innovation capacity of a firm
above a certain level, the sign of the effect is reversed. Therefore, uncertainty in large or innovative
firms can be seen as a factor in promoting R&D investment rather than as a deterrent. This implies
that factors such as economies of scale and technological leadership can significantly increase the
value of the growth options inherent in R&D investment. On the other hand, SMEs or firms with low
innovation capacity tend to be reluctant to invest in R&D under uncertainty because they lack the
capacity to internalize the value of growth options. An interesting fact that is evident in the sub-sample
analysis is that innovation capacity is more important than firm size in maximizing the value of growth
options that are inherent in R&D activities. It is supported by the results of research that the increase of
innovation capacity is a factor that promotes R&D investment regardless of the size of a firm and that
the size of a firm in high innovation capacity enterprise is rather a factor that hinders R&D investment.

The results of this study provide the following policy implications and strategic implications.
There is an aggressive R&D promotion policy for SMEs globally that cannot perform given R&D
opportunities by factors, such as financial constraints [46]. However, with the speed of remarkable
technological advances, globalization, and industry-to-industry convergence, the uncertainty has
become so severe that the efficiency of indiscriminate support for SMEs is being raised [47].
The efficiency of indiscriminate R&D support for SMEs can be greatly damaged, given that R&D
investments are rational decisions that maximize the profit of an enterprise. According to the analysis
of this study, even though firms belong to the same SME sector, their attitude to cope with uncertainty
differs depending on the level of innovation capability. While SMEs with high innovation capacity
are actively responding to uncertainties, SMEs with low innovation capacity are less willing to take
uncertainty. Therefore, when uncertainty is considered to be an inevitable exogenous factor at the
decision level of a single firm, it is reasonable for the SME R&D activity promotion policies to follow
the following procedure. First, for SMEs with low innovation capacity, support should be provided
to increase the innovation capacity before R&D funding. R&D funding for these SMEs is likely
to be a one-time event without improvement in innovation capacity. However, if the innovation
capacity is enhanced, the results of this study suggest that these SMEs can increase R&D investment
under uncertainty by recognizing the value of the growth options inherent in R&D under the same
circumstances in the future. Conversely, SMEs with innovative capabilities are more aggressive in
their R&D activities under uncertainty, so it is effective to resolve these financial constraints of these
enterprises through financing. These SMEs are able to invest more in R&D under uncertainty that
is based on their earnings when they invest in R&D through government funding. Therefore, it is
expected that the appropriate support for R&D activities of SMEs depending on their innovation
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capacity will contribute to the promotion of private R&D investment in the long term, rather than
applying the comprehensive support package for SMEs.
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