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Abstract Using an augmented version of Gibrat’s law, we theorized the relationship

between the innovation activities of small and medium-sized enterprises (SMEs) and their

growth in sales, firm value, and research and development (R&D) investment in the

following years. Based on 17 years of data from 598 SMEs in South Korea, this study

examined the mediating role of sales growth and firm value growth in the relationship

between innovation activities and R&D investment growth in a longitudinal setting. The

study findings suggested that the innovation activities of SMEs at Time 1 influenced the

sales growth of high-growth firms and high-tech sectors at Time 2 more positively than that

of low-growth firms and low-tech sectors, and that SMEs consequently invested more in

R&D at Time 3. However, the innovation activities of SMEs at Time 1 did not significantly

affect their firm value growth at Time 2. Theoretical and managerial implications are

discussed for scholars, managers, and policy makers.
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1 Introduction

As knowledge-based economies highlight the importance of innovation and advanced

knowledge and skills, many firms have been engaging in innovation activities to achieve

high performance (Audretsch et al. 2014; Coad and Rao 2008; Coad et al. 2016;

Colombelli et al. 2013; Del Monte and Papagni 2003; Garcı́a-Manjón and Romero-Merino

2012). Innovation activities are the primary driving forces for sustainable growth because

innovation helps firms achieve superior performance by developing new products or

processes (Roper et al. 2008; Teece 1986; Wang and Thornhill 2010), and absorptive

capacity, a byproduct of innovation activity, helps firms commercialize new information

and knowledge (Bellucci and Pennacchio 2015; Cohen and Levinthal 1990; Wang and

Thornhill 2010). One important effect of innovation is to deter the entry of new firms by

creating entry barriers (Lukach et al. 2007; Phillips 1971), and this clearly reduces market

competition (Del Monte and Papagni 2003; Phillips 1971). Therefore, firms aim to achieve

a competitive advantage through innovation activities.

However, converting innovative activities into firm performance takes considerable

time and resources, and many difficulties arise in overcoming uncertainty at every stage of

the innovation process (Coad and Rao 2008). The effect of innovation activities on firm

growth often depends on specific unobservable factors (Audretsch et al. 2014; Garcı́a-

Manjón and Romero-Merino 2012), and there is a lack of understanding of the relationship

between innovation activities and the expected future performance of a firm. Specifically,

scholars have yet to examine the underlying mechanism linking firms’ innovation activi-

ties, firm growth, and research and development (R&D) investment growth based on a

comprehensive perspective. Although previous literature has revealed the importance of

innovation for firm growth (Coad and Rao 2008; Colombelli et al. 2013), it has not

explored the mechanism connecting innovation activities with R&D investment through

firm growth. It is unclear where firms should invest for their growth, although one

potentially important channel for investment is R&D, a critical input to innovation and

growth in knowledge-based economies (Brown et al. 2009). Moreover, although R&D

investment is important for sustainable growth, it appears to be a double-edged sword

(Coad et al. 2016): the uncertainty and long payback period of innovation activities might

reduce firm growth, and this concern can eventually lead firms to discourage investment in

R&D. While numerous government-level studies have been conducted on topics such as

R&D subsidies and fiscal treatments, firm-level studies on investment in R&D are still

lacking (Coad and Rao 2010). In addition, given that small and medium-sized enterprises

(SMEs) have been gradually expanding their role in the national economy, the differences

between SMEs and large companies in terms of innovation activities and growth outcomes

have not received enough academic attention. Examining the complicated relationship

between innovation activities and firm growth is important not only to scholars but also to

managers and investors who have to allocate their limited resources to firms’ R&D (Oriani

and Sobrero 2008).

The purpose of this paper is, thus, to examine the relationship between the innovation

activities of SMEs and their growth over time and to discuss the implications in terms of

how SMEs can promote the effectiveness of R&D for sustainable growth. In so doing, this

study seeks to contribute to the literature on innovation and firm growth in several ways.

First, we analyze the dynamic association between innovation activities, firm growth, and

R&D investment growth in the longitudinal setting of a dynamic co-evolving system (Coad

2010). We analyze the mediating role of firm growth in the relationship between
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innovation activities and R&D investment growth to examine the R&D financing channel

for SMEs. Second, in addition to using sales growth, we use firm market value as another

proxy for firm growth because previous studies have suggested that stock markets provide

a useful channel to procure financial resources. For example, Brown et al. (2009) high-

lighted that stock markets can benefit the growth model of a firm that focuses on innovation

by providing direct funding for innovation. Blass and Yosha (2003) also suggested that

firms can finance R&D through inexpensive external equity markets. Thus, our empirical

study considers two variables: sales growth and firm value growth to provide a more

comprehensive view of our theorized model. Third, in addition to ordinary least squares

(OLS) analysis, we apply quantile regression, structural equation modeling (SEM), and the

Sobel test to further strengthen the robustness of the study results. Relying on these

dynamic and evolutionary approaches that use multiple measures and methods, this study

offers a comprehensive understanding of the firm growth process and thus addresses

comments from Delmar et al. (2003).

In summary, this study addresses two main research questions: (1) Do SME innovation

activities significantly contribute to SMEs’ growth in sales and firm value in the following

year? (2) Do SMEs that have grown significantly in terms of sales and firm value in the

previous year increase their R&D investment in the following year? In exploring these

research questions, this study follows two routes: (1) innovation activities at Time (T) 1,

sales growth at T2, and R&D investment growth at T3; and (2) innovation activities at T1,

firm value growth at T2, and R&D investment growth at T3. It then analyzes the mediating

role of firm growth, sales growth, and firm value growth in the relationship between

innovation activities and R&D investment growth of SMEs.

2 Theoretical framework and hypothesis development

2.1 Theoretical framework

The theory known as Gibrat’s law or the law of proportionate effect has been tested in a

number of empirical studies of the determinants of firm growth in many countries (Au-

dretsch et al. 2014; Garcı́a-Manjón and Romero-Merino 2012) and has provided a theo-

retical framework for a broad range of studies on industrial dynamics since Gibrat (1931)

introduced the theory that firm growth is independent of firm size (Coad 2009).

The studies testing Gibrat’s law can be divided into two main groups: (1) static studies

focusing on ‘optimal size’ and (2) studies analyzing the persistence of growth. The study

by Mansfield (1962) is a representative example of the static approach, while Chesher’s

study (1979) is a representative example of a temporal analysis—that is, a study analyzing

the persistence of growth (Audretsch et al. 2004).

Early theoretical research on firm growth and size focused on a comparative statics

framework dealing with optimal size and did not address the dynamic aspect of firm

growth. According to the statics framework, firms are supposed to be at their ‘optimal

size,’ and if they are not, they are supposed to grow instantaneously to reach it. Thus, firm

growth was regarded as an appendage to the optimal size theory (Coad 2009). Given the

growing dissatisfaction with the conventional static approach and emphasis on the

uncertainty, change, and dynamics of the economy, studies on firm growth have since

replaced studies on firm size and have become the main type of studies on ‘firm growth and

size’ (Coad 2009; Marris 1999).
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The main methodology for estimating Gibrat’s law to analyze the persistence of firm

growth developed by Chesher (1979) is as follows (Audretsch et al. 2004; Chesher 1979;

Coad 2009):

log Xtð Þ ¼ a þ b1 log Xt�1ð Þ þ e ð1Þ

where a firm’s ‘size’ is represented by Xt, a is a constant term, and e is the residual error.

Research on Gibrat’s law focuses on the coefficient ß. If firm growth is independent of firm

size, then ß should be equal to unity. If ß is smaller than 1, then smaller firms are expected

to grow faster than their larger counterparts. In contrast, if ß is larger than 1, then larger

firms are expected to grow faster than their smaller counterparts (Audretsch et al. 2004;

Coad 2009; Geroski 2005).

Path dependency is a very important theme in research on firm growth for several

reasons (Coad 2009): a firm’s history defines its future, the growth opportunities of a firm

are constrained by its present production activities, and the competitiveness of a firm

depends on accumulated firm-specific resources and production capabilities that have been

developed over time. Gibrat’s law (Eq. 1) adopts an evolutionary perspective reflecting

path dependency: a firm’s present size is regarded as the mere accumulation of all previous

growth (Coad 2009). In line with this, Gibrat’s law is useful for modeling firm growth

(Coad 2009) and has been used to explain firm growth (Del Monte and Papagni 2003). A

number of recent studies have examined the theoretical coherence and empirical relevance

of Gibrat’s law (Colombelli et al. 2013). Moreover, due to its usefulness, the equation for

Gibrat’s law has been developed to generate augmented versions of the equation (Coad

2010; Garcı́a-Manjón and Romero-Merino 2012; Hölzl 2009). The law has been developed

into two models: (1) a vector autoregression model for analyzing a serial growth rate

correlation (e.g., Coad 2010; Coad and Rao 2010; Deschryvere 2014) and (2) a model for

describing the effect of innovation activities or R&D on firm growth using control vari-

ables to control for any growth rate autocorrelation and possible dependence of growth on

size (e.g., Coad and Rao 2008; Coad et al. 2016; Colombelli et al. 2013; Garcı́a-Manjón

and Romero-Merino 2012; Hölzl 2009). Therefore, the theoretical framework of this paper

is an augmented version of the equation that was developed by Gibrat (1931), augmented

by Chesher (1979), and has been used frequently in recent decades.

2.2 Hypothesis development

Researchers have discussed various indicators for measuring firm growth, including market

capitalization, employment, sales and revenues, value of production, and added value

(Garcı́a-Manjón and Romero-Merino 2012). Ardishvili et al. (1998) pointed out that the

most common indicators are market value, number of employees, sales, revenue, value of

production, and added value. As firm growth is multidimensional, multiple measures and

methods are important for understanding firm growth processes (Delmar et al. 2003). In

this study, firm growth comprised both the output in terms of the result of innovation

activities and the input in terms of the resources invested in R&D.

In line with this, we used two variables—sales growth and firm value growth—to

measure firm growth. Sales growth is a financial indicator of the improvement in pro-

ductivity through innovation activities in an individual firm, whereas firm value growth is a

market evaluation indicator of the future value of a firm, taking into account innovation

activities. Thus, we considered performance at both the individual firm level and the

market level.
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In exploring the literature on the relationship between innovation activities and sales,

we observed divergent results and opinions on the relationship between the two variables

(Garcı́a-Manjón and Romero-Merino 2012): while some authors reported that innovation

activities affected firms’ sales growth positively (Demirel and Mazzucato 2012; Freel

2000; Geroski and Toker 1996; Roper 1997), others reported no significant relationship

between the two variables (Bottazzi et al. 2001). Moreover, the results of innovation

activities tend to vary owing to the complicated innovation value chain, which comprises

firms’ characteristics, internal resources, and the market environment (Roper et al. 2008).

In line with these arguments, in recent decades, many authors have examined the rela-

tionship between the two variables based on firms’ growth level or technology level, and

they have reported that while the innovation activities of high-growth or high-tech firms

make an important contribution to their sales growth performance, this relationship turns

out to be negative or nonsignificant for low-growth or low-tech firms (Coad and Rao 2008;

Coad et al. 2016; Colombelli et al. 2013; Garcı́a-Manjón and Romero-Merino 2012; Hölzl

2009; Segarra and Teruel 2014).

Garcı́a-Manjón and Romero-Merino (2012) reported that the effect of innovation

activities on sales growth is positive and that this relationship is more intense for high-

growth firms. In addition, this effect is particularly significant for high-tech sectors, but

negative or nonsignificant for low-tech sectors. Based on this result, Garcı́a-Manjón and

Romero-Merino highlighted that there is no one answer that is correct for every firm’s

growth, and that R&D is particularly necessary for the growth and survival of some kinds

of business and some sectors. Coad and Rao (2008) noted that while the innovation of

average-growth firms may not be so crucial for their sales growth, innovation is very

important for high-growth firms, and this result implies that a successful innovative firm

may rapidly gain market share, whereas a firm that invests in R&D but does not succeed

may rapidly lose market share to its competitors.

Second, by examining the literature on the relationship between innovation activities

and firm value, we found a positive effect of innovation activities on firm value (Blass and

Yosha 2003; Bosworth and Rogers 2001; Chan et al. 1990; Chauvin and Hirschey 1993;

Cho and Pucik 2005; Coad and Rao 2006; Doukas and Switzer 1992; Hall and Oriani 2006;

Oriani and Sobrero 2008; Toivanen et al. 2002; Woolridge 1988; Zantout and Tsetsekos

1994). According to traditional valuation theory, the market value of a firm is equal to the

sum of the net present value of the following two cash flows: (1) cash flows generated from

assets in place and (2) expected cash flows from investment opportunities that are expected

to be available to and undertaken by the firm in the future. In general, a firm’s market value

changes as the market acquires specific information about the firm, which can change the

market’s expectations. Therefore, common stock prices respond positively to news of a

firm’s strategic investment decisions, and the market seems to place much emphasis on

potential long-term developments in valuing stocks (Woolridge 1988). Consequently,

R&D-intensive firms have high market value (Blass and Yosha 2003), and the R&D capital

of these firms receives a significant and positive evaluation from stock markets (Hall and

Oriani 2006).

Toivanen et al. (2002) suggested that the market evaluates ‘new news’ about R&D

activities of firms more highly, and this has a positive effect on firms’ market value, which

in this study refers to equity at the end of the year plus debt; however, patents have a

negative effect on the market value of firms. Based on this result, Toivanen et al. (2002)

suggested that patents are inappropriate as an indicator of the returns from innovation.

Oriani and Sobrero (2008) suggested that R&D capital has a significantly positive impact

on a firm’s market value, which in this study refers to market capitalization plus loan
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capital and short-term borrowing. Based on this result, Oriani and Sobrero (2008) high-

lighted that investors recognize the value of the potential growth and opportunities created

by R&D investments. Coad and Rao (2006) argued that the influence of innovation on

market value varies dramatically across the distribution of a firm’s market value: although

the coefficients on innovativeness are very low for the lowest quantiles of the conditional

Tobin’s q distribution, the coefficient on innovativeness rises sharply as we move up the

conditional distribution. Coad and Rao (2006) suggested that these results imply that stock

markets are particularly sensitive to the innovative activity of firms with the highest market

value, while they barely recognize the innovation attempts of firms with low market value.

Based on the literature on innovation activities and firm growth, we expect that the

effect of innovation activities on firm growth varies across the distribution of firm growth

rates. Therefore, the following can be hypothesized:

Hypothesis H1a The effect of innovation activities on firm growth varies across the sales

growth rate distribution, and the effect is stronger when SMEs have achieved high growth

in sales than when they have achieved low growth in sales.

Hypothesis H1b The effect of innovation activities on firm growth varies across the firm

value growth rate distribution, and the effect is stronger when SMEs have achieved high

growth in firm value than when they have achieved low growth in firm value.

R&D is characterized by some important features and difficulties in financing. First,

R&D cannot be collateralized because of the intangible nature of R&D investment. Sec-

ond, investors can face significant adverse selection due to asymmetric information, which

creates difficulty in distinguishing good projects from bad ones. Third, moral hazard

problems arising from imitation by rivals may be amplified by the inherent uncertainty of

R&D, particularly in small and young firms. These features of R&D investment make it

more susceptible to financing constraints than any other type of investment, and investment

in R&D may be below the socially optimal rate (Brown et al. 2012; Coad and Rao 2010).

Therefore, financing for R&D investment has become an important issue because if

individual firms are reluctant to invest in R&D, it is impossible for them to reach optimal

growth and development at the national or societal level.

Investment funds for firms’ innovation activities are very diverse. Firms can finance

internally by increasing sales and profit and can finance externally through stock markets

and debt. However, calculating profitability for each year is not appropriate as an R&D

investment indicator because R&D tends to entail further short-term costs before returning

long-term benefits (Coad and Rao 2010). Furthermore, debt finance is not appropriate as an

R&D investment indicator because financial institutions prefer to use tangible assets to

secure loans and are reluctant to invest in R&D, and because firms are reluctant to finance

debt for R&D investment, which may raise the cost of capital (Hall and Lerner 2010). For

these reasons, profitability and debt are not appropriate as indicators of long-term and

stable R&D investment. Therefore, we used sales and firm value as firm growth indicators

to examine the virtuous circle between innovation activities and firm growth.

First, exploring the literature, we found that sales growth had a positive effect on R&D

investment (Coad and Rao 2010; Deschryvere 2014). Coad and Rao (2010) suggested that

past sales growth is strongly associated with subsequent growth in R&D expenditure. In

particular, sales growth has a continuous effect on R&D growth that was present even at

the third lag in the study by Coad and Rao (2010), but contrary to expectations, there was

not a strong relationship between growth of profits and subsequent R&D investment.

Furthermore, Coad and Rao (2010) highlighted the asymmetric effects of R&D growth by
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showing that firms are reluctant to reduce their R&D investment even after they experience

negative sales growth. Deschryvere (2014) found a positive relationship between R&D

growth and subsequent sales growth. In particular, the relationship between the two

variables was stronger for continuous innovators than for occasional innovators.

Second, in the literature on the relationship between firm value and R&D investment,

we found a positive relationship between the two variables (Blass and Yosha 2003; Brown

et al. 2009, 2012; Hsu et al. 2014; Wang and Thornhill 2010). Financing R&D investment

through stock markets is ideal, as it has a positive effect for both R&D-intensive firms and

their investors (Wang and Thornhill 2010), as stockholders can expect to receive benefits

from the residual value of firm value growth through innovation activities (Wang and

Thornhill 2010; Williamson 1988). R&D investment also helps firms acquire specific

resources and capabilities (Helfat 1994, 1997; Wang and Thornhill 2010). In addition,

there are no collateral requirements for financing through equity (Brown et al. 2009), and

the stock market’s function of generating information can be particularly useful when it

comes to financing innovation. Consequently, equity financing has a positive effect on

innovation for industries dependent on external finance, as stock markets continuously

facilitate the feedback of prospective information that can affect market stock prices (Hsu

et al. 2014).

By studying the financing of R&D in Israel, Blass and Yosha (2003) demonstrated that

R&D-intensive firms do not rely more on internal cash, and this may be because they are

able to finance R&D through inexpensive external equity markets. Brown et al. (2009)

reported that new stock issue has a significantly positive effect on R&D spending. Based

on this result, they highlighted that stock markets can be a potentially important channel to

connect financing, innovation, and economic growth. Thus, stock markets can be useful for

the growth model of a firm that focuses on innovation and constrains financing by directly

funding innovation. Brown et al. (2012) found that a firm’s value has a significantly

positive effect on R&D spending. Based on this result, they highlighted the importance of

stock markets for innovation, as stock market development can promote economic growth

by increasing firm-level innovative activity and by substantially increasing R&D

investment.

These studies suggest that sales growth and firm value growth have a positive effect on

R&D investment, and this discussion leads to our second set of hypotheses:

Hypothesis H2a The sales growth of SMEs has a positive effect on R&D investment

growth in the following year.

Hypothesis H2b The firm value growth of SMEs has a positive effect on R&D invest-

ment growth in the following year.

Based on the above studies and our related discussion on the relationship between

innovation activities and firm growth and between firm growth and R&D investment

growth, we expect that firm growth plays a mediating role in the relationship between

innovation activities and R&D investment growth. Overall, we expect that innovation

activities affect firm growth and that firms that have achieved growth in sales and firm

value will increase their R&D investment in the following year. In line with this, we

postulate the following hypotheses:

Hypothesis H3a The innovation activities of SMEs have a positive and indirect effect on

R&D investment growth via growth in sales.
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Hypothesis H3b The innovation activities of SMEs have a positive and indirect effect on

R&D investment growth via growth in firm value.

3 Data and econometric model

3.1 Data set

We analyzed the relationship between the innovation activities of 598 SMEs in South

Korea and their growth over 17 years (1998–2014) by examining the 3-year relationship

between innovation activities at T1, firm growth at T2, and R&D investment growth at T3.

Therefore, we used 3-year (T1–T3) unit data1 for one period, for a total of 15 data sets (see

Table 1).

In South Korea, the definition of SMEs is stipulated by The Framework Act on Small

and Medium Enterprises and Enforcement Decree of The Framework Act on Small and

Medium Enterprises as follows: A business entity that meets all the standards set forth in

the following items—(1) The main type of business in which the business entity is engaged

and its average sales shall meet the standards set forth; (2) A corporation whose total assets

are less than 500 billion won. We classified SMEs according to the Korean Standard

Industrial Classification (KSIC; available at https://kssc.kostat.go.kr) to take into account

industrial sector, and we then reclassified SMEs using the Eurostat indicator (available at

http://ec.europa.eu/eurostat/statistics-explained) to analyze their technological level and

knowledge-intensity dimensions (e.g., Bellucci and Pennacchio 2015; Garcı́a-Manjón and

Romero-Merino 2012). Finally, we grouped SMEs into six groups: high technology,

medium–high technology, medium–low technology, and low technology for manufactur-

ing (3-digit level) and knowledge-intensive services and less knowledge-intensive services

for knowledge-based services (2-digit level). We obtained data for this study—firm size

classification (e.g., SMEs and large firms), firms’ sales, firm value, and R&D expendi-

ture—from KISVALUE (https://www.kisvalue.com/web/index.jsp) and TS2000 (http://

www.kocoinfo.com), which provide financial data for Korean companies.

South Korea has continuously invested in R&D and is now ranked first in the world in

terms of the ratio of R&D investment to gross domestic product (2013–2014), and the

percentage of gross domestic expenditure on R&D by the business enterprise sector is

relatively high (see main science and technology indicators2 2015). This implies that firms

should finance R&D as a way to reduce their financial obligations because if the R&D

investment does not lead to commercial success, increasing the investment is dangerous to

firm survival. Moreover, according to SME status indicators in 2016,3 South Korea’s SMEs

have been gradually expanding their role in the national economy, given that they

accounted for 99.9% of the total number of businesses and 87.9% of total employment at

the end of 2014. However, the share of SME R&D expenditure relative to the national total

R&D expenditure has decreased continuously since 2009. These asymmetries between

large firms and SMEs in R&D investment growth can negatively affect the growth of

SMEs by reducing their market concentration and competitiveness.

1 We excluded data when they were not continuously available for 3 years, as we analyzed data for 3-year
periods.
2 Main Science and Technology Indicators by OECD (http://stats.oecd.org).
3 SME Status Indicators 2016 by Korean Federation of SMEs (http://www.kbiz.or.kr).
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3.2 Model

As shown in Fig. 1, our study consists of three parts: examining the effect of innovation

activities on firm growth (Step 1); examining the effect of firm growth on R&D investment

growth (Step 2); and examining the mediation effect of firm growth (i.e., SMEs’ sales

growth and firm value growth) in the relationship between innovation activities and R&D

investment growth in SMEs (Step 3).

We used the variables R&D intensity, sales growth, firm value growth, and R&D

investment growth to analyze the relationship between innovation activities, firm growth,

and R&D investment growth. Definitions and calculations of all the variables used in this

study are summarized in Table 2.

Our dependent variables (growth rates) were calculated by taking the differences of the

logs of their size (Coad and Rao 2008; Coad et al. 2016; Colombelli et al. 2013; Garcı́a-

Manjón and Romero-Merino 2012). This is defined as follows:

GROWTHi;t ¼ ln Xi;t

� �
� ln Xi;t�1

� �
ð2Þ

where Xi,t is measured in terms of sales, EV, or R&D expenditure for firm i at time t. We

then used an augmented Gibrat’s law equation to examine innovation activities, firm

growth, and R&D investment growth. Equations 3 and 4 were used for Step 1, and Eq. 5

was used for Step 2:

SALESGi;T2 ¼ a þ b1INNi;T1 þ b2SALESGi;T1 þ b3SIZEi;T1 þ b4INDi;T2 þ dT2 þ ei;T2

ð3Þ

EV Gi;T2 ¼ a þ b1INNi;T1 þ b2EV Gi;T1 þ b3SIZEi;T1 þ b4INDi;T2 þ dT2 þ ei;T2 ð4Þ

RDGi;T3 ¼ a þ b1SALESGi;T2 þ b2EV Gi;T2 þ b3RDGi;T2 þ b4SIZEi;T2 þ b5INDi;T3

þ dT3 þ ei;T3 ð5Þ

Table 1 The 15 three-year data
sets

Three-year unit T1 (Year) T2 (Year) T3 (Year)

1 1998 1999 2000

2 1999 2000 2001

3 2000 2001 2002

4 2001 2002 2003

5 2002 2003 2004

6 2003 2004 2005

7 2004 2005 2006

8 2005 2006 2007

9 2006 2007 2008

10 2007 2008 2009

11 2008 2009 2010

12 2009 2010 2011

13 2010 2011 2012

14 2011 2012 2013

15 2012 2013 2014
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In Eqs. 3 and 4, INNi,T1, calculated as R&D expenditure divided by the total amount of

sales, was used to measure the innovation activities of the SMEs (Demirel and Mazzucato

2012; Falk 2012; Garcı́a-Manjón and Romero-Merino 2012). We included lagged growth

to control for any growth rate autocorrelation, given that previous studies have shown that

a firm’s growth is typically related to its growth in the previous year (Coad 2007; Lockett

et al. 2011; Schimke and Brenner 2011). Moreover, we included lagged size (SIZE) and

industry dummies (IND) to control for any possible dependence of growth on size or

industry. We also used year dummies (d) to control for any macroeconomic shocks. These

regression equations were from previous studies that have analyzed the effect of innovation

activities on firm growth (e.g., Coad and Rao 2008; Coad et al. 2016; Colombelli et al.

2013; Garcı́a-Manjón and Romero-Merino 2012).

In addition to OLS4 analysis, we applied quantile regression5 to further strengthen the

robustness of the study results. Although OLS analysis provides the average effect by

calculating the effect of the independent variables for the ‘average firm’ by focusing on the

mean and assuming a normal distribution (Gaussian residuals), the quantile regression

method can analyze the effect of the independent variables across the various distributions

of the dependent variables. Therefore, quantile regression is not influenced by outliers (Yu

Fig. 1 Model

Table 2 Definitions and calculations of the variables

Variable Definition and calculation

INN at T1 (innovation
activities)

R&D intensity of the firm (R&D expenditure divided by total sales)

Growth rate

SALES at T2 Log value of total amount of sales by the firm in 1 year

EV at T2 (enterprise
value)

Log value of firm value, stock market value, and the amount that must be paid
when buying companies (market capitalization at the end of year ? the value
of its debt)

RD at T3 (R&D
expenditures)

Log value of growth of R&D expenditure (sum of assets and costs)

SIZE Nominal value of total amount of sales by the firm

4 We applied an OLS analysis with a robust option to take into account heteroscedasticity.
5 The quantile regression model was first introduced by Koenker and Bassett (1978).
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et al. 2010), and it provides a more complete story and more robust results by calculating

coefficient estimates across the various quantiles of the conditional distribution (Coad and

Rao 2008; Garcı́a-Manjón and Romero-Merino 2012). As the firm growth rates—the

dependent variables of this study—generally displayed a characteristic heavy-tailed dis-

tribution (Coad and Rao 2008; Bottazzi and Secchi 2003), quantile regression has been

considered a better approach than OLS analysis for examining firm growth. As a result,

researchers have applied quantile regression to analyze the relationship between innovation

activities and firm growth (e.g., Bianchini et al. 2014; Capasso et al. 2015; Coad et al.

2016; Falk 2012; Garcı́a-Manjón and Romero-Merino 2012; Goedhuys and Sleuwaegen

2010; Hölzl 2009; Mata and Woerter 2013; Mazzucato and Parris 2015; Segarra and Teruel

2014). We applied the ‘bootstrap’ method to estimate the standard errors and levels of

significance obtained by computationally resampling from the observed data that repre-

sented specific individual characteristics. This method has also been used in a number of

previous studies (e.g., Coad and Rao 2006; Coad et al. 2016; Bartelsman et al. 2014;

Capasso et al. 2015; Falk 2012; Segarra and Teruel 2014).

Figure 2 shows the probability density plot of growth rates—sales growth, firm value

growth, and R&D investment growth—indicating the characteristics of a heavy-tailed

distribution compared to a normal distribution.

Finally, we used SEM (path analysis) to examine the mediating role of firm growth,

sales growth, and firm value growth, linking innovation activities and R&D investment

growth, and also applied the Sobel test6 to ensure the robustness of the study results.

4 Findings

4.1 Descriptive statistics

Table 3 shows the descriptive statistics, correlations, and multicollinearity diagnostics of

the independent and control variables used in this study. We examined the variance

inflation factor (VIF) values of the independent and control variables to check for possible

multicollinearity. A VIF value that exceeds 10 is often considered to indicate multi-

collinearity. The VIF values in this study were 1.01–1.03, significantly lower than the

threshold points, which suggests the absence of multicollinearity.

4.2 Empirical results

As shown in Table 4, the innovation activities (measured by R&D intensity) of SMEs had

a significantly positive effect on their sales growth according to the OLS analysis focusing

on the average condition. Based on these results, we found that innovation activities

positively influence sales growth. When we focused on the quantile regression estimations,

we found that the coefficient on innovation activities was only significantly positive for the

higher quantiles (50–90%), and it was also much larger for the higher quantiles, whereas it

was nonsignificant for the lower quantiles (10–25%).

We examined the relationship between the two variables according to technological

level to determine the differences among the industrial sectors defined by the Eurostat

indicator, i.e., the six groups classified by technological level and knowledge intensity.

6 Based on Sobel’s study (1982), we used this test to determine the mediating effect of the independent
variable.
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Based on this analysis, we found that the innovation activities of the high-tech (high

technology and medium–high technology) and knowledge-intensive service sectors posi-

tively influenced sales growth for the higher quantiles, whereas there was no positive

relationship between the two variables for the low-tech (medium–low technology and low

technology) and less knowledge-intensive service sectors.

These findings support Hypothesis H1a and are in line with data reported by Coad and

Rao (2008) from a U.S. sample of firms for the 1963–1997 period and by Garcı́a-Manjón

and Romero-Merino (2012) for 18 European countries for the 2003–2007 period.

All these results imply that innovation or R&D activities make a greater contribution to

the sales growth of SMEs for high-growth firms and high-tech sectors than for low-growth

and low-tech sectors. Therefore, as Garcı́a-Manjón and Romero-Merino (2012) noted, we

can assume that innovation or R&D is particularly necessary for the growth and survival of

some kinds of business and some sectors, and there is no answer that is correct for the

growth of every firm. Table 4 displays the results from the OLS analysis and quantile

regression estimations for Eq. 3.

Table 5 shows the results of our investigation of the relationship between the innovation

activities of SMEs and their firm value growth. Using Eq. 4, we found no significantly

positive association between the two variables, with only a significantly negative associ-

ation for the lower quantiles (10%). Similar results were obtained for the different

industrial sectors classified by technological level and knowledge intensity, and there were

no significant relationships between the innovation activities and firm value growth of

SMEs. These findings did not support Hypothesis H1b. Furthermore, they were not in line

with the study by Coad and Rao (2006), which reported that stock markets were partic-

ularly sensitive to the innovative activity of firms with the highest market value, while they

barely recognized the innovation attempts of firms with low market value. Thus, we can

assume that we obtained these results because the market did not recognize the value of the

potential growth and opportunities created by innovation activities of SMEs. Table 5

displays the results for the OLS analysis and quantile regression estimations for Eq. 4.

Quantile regression estimates for the whole sample are presented in Fig. 3. The OLS

estimates are presented as horizontal lines, together with their 95% confidence intervals.

As shown in Fig. 3a, the quantile regression curves show that the estimated coefficient on

innovation activities varies across the conditional distribution for the sales growth rate.

Thus, quantile regression estimates tell the whole story by showing the small influence on

firm growth for the median quantile and the larger influence on firm growth for the upper

quantile; thus, the coefficient on innovation activities rises sharply as the quantile

increases.

(a) (b) (c)
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Fig. 2 The probability density plot of each growth rate—(a) sales, (b) firm value, and (c) R&D
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However, as shown in Fig. 3b, we did not find a change in the estimated coefficient on

innovation activities across the conditional distribution for the firm value growth rate;

furthermore, as shown in Table 5, we did not find a significantly positive relationship

between the two variables. The coefficients on innovation activities were within the OLS

confidence intervals in almost all quantiles (except in the below-20% quantile; see

Fig. 3b).

We used Eq. 5 to examine the relationship between firm growth and R&D investment

growth. As shown in Table 6, the growth of SMEs in both sales and firm value had a

significantly positive effect on R&D investment growth according to both the OLS analysis

and the quantile regression estimations. These findings support Hypotheses H2a and H2b.

Furthermore, they are in line with the studies by Coad and Rao (2010) and Deschryvere

(2014), which found that past growth in sales is strongly associated with subsequent growth

in R&D expenditure, and with the study by Brown et al. (2012), which showed that firm

value has a significantly positive effect on R&D spending. In particular, the result that the

Table 4 OLS analysis and quantile regression estimations for Eq. 3: Step 1

Industries
(observations)

Variable OLS
(robust)

Quantile regression

10 25 50 75 90

Whole sample
(4454)

INN_T1 0.144*** -0.184 -0.009 0.118** 0.327*** 1.137***

(S. E) (0.046) (0.123) (0.037) (0.058) (0.120) (0.299)

(Pseudo)R2 0.058 0.009 0.012 0.016 0.036 0.090

High technology
(1432)

INN_T1 0.419 -0.348 0.031 0.073 0.842* 2.002***

(S. E) (0.314) (0.354) (0.083) (0.172) (0.455) (0.402)

(Pseudo)R2 0.088 0.021 0.031 0.024 0.051 0.122

Medium–high
technology
(1214)

INN_T1 0.074 -0.656 -0.008 -0.029 1.308** 2.539***

(S. E) (0.099) (0.509) (0.184) (0.415) (0.516) (0.590)

(Pseudo)R2 0.090 0.027 0.022 0.024 0.073 0.172

Medium–low
technology
(396)

INN_T1 0.818 -4.734*** -1.369 -0.468 0.695 4.912

(S. E) (1.433) (1.519) (1.141) (0.676) (1.493) (3.106)

(Pseudo)R2 0.061 0.063 0.026 0.029 0.015 0.061

Low technology
(342)

INN_T1 1.454 0.878 0.538 0.577 0.640 4.029

(S. E) (1.015) (0.773) (0.764) (0.453) (1.860) (3.333)

(Pseudo)R2 0.108 0.050 0.033 0.026 0.026 0.067

Knowledge-
intensive
services (629)

INN_T1 0.124*** 0.033 0.052 0.145** 0.132*** 0.183

(S. E) (0.021) (0.098) (0.060) (0.061) (0.050) (0.113)

(Pseudo)R2 0.049 0.004 0.004 0.015 0.041 0.086

Less knowledge-
intensive
services (309)

INN_T1 0.320 -0.921 0.205 0.425 0.549 0.563

(S. E) (0.311) (1.080) (0.503) (0.311) (0.416) (0.822)

(Pseudo)R2 0.060 0.032 0.007 0.015 0.030 0.076

Standard errors (S.E.) for the quantile regression coefficients were obtained by using 1000 bootstrap
replications

INN indicates innovation activities; T1, Time 1; OLS, ordinary least squares

*** p\ 0.01; ** p\ 0.05; * p\ 0.1
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Table 5 OLS analysis and quantile regression estimations for Eq. 4: Step 1

Industries (observations) Variable OLS
(robust)

Quantile regression

10 25 50 75 90

Whole sample (4454) INN_T1 -0.007 -0.286* -0.035 0.023 0.006 0.031

(S.E.) (0.021) (0.170) (0.077) (0.025) (0.041) (0.175)

(Pseudo)R2 0.068 0.031 0.027 0.027 0.036 0.037

High technology (1432) INN_T1 -0.050 -0.341 -0.229 -0.106 0.046 0.306

(S.E.) (0.073) (0.269) (0.205) (0.143) (0.273) (0.326)

(Pseudo)R2 0.056 0.034 0.023 0.019 0.026 0.029

Medium–high technology
(1214)

INN_T1 0.052 0.050 0.056 0.028 0.092 0.566

(S.E.) (0.035) (0.327) (0.182) (0.256) (0.385) (0.374)

(Pseudo)R2 0.058 0.026 0.027 0.028 0.037 0.040

Medium–low technology
(396)

INN_T1 1.357 -0.395 1.985 1.382 1.960 3.608

(S.E.) (1.958) (2.146) (1.593) (2.009) (3.166) (3.099)

(Pseudo)R2 0.110 0.056 0.051 0.039 0.042 0.062

Low technology (342) INN_T1 0.326 -2.899 -1.230 -0.707 2.449 2.364

(S.E.) (1.369) (1.928) (1.213) (1.964) (2.288) (2.002)

(Pseudo)R2 0.075 0.038 0.021 0.021 0.034 0.080

Knowledge-intensive
services (629)

INN_T1 -0.009 -0.098 0.046 0.012 -0.026 -0.065

(S.E.) (0.027) (0.179) (0.075) (0.050) (0.037) (0.076)

(Pseudo)R2 0.099 0.034 0.036 0.051 0.070 0.065

Less knowledge-intensive
services (309)

INN_T1 -0.228 -0.822 0.041 -0.268 -0.013 1.201

(S.E.) (0.365) (1.274) (0.707) (0.348) (0.755) (1.159)

(Pseudo)R2 0.079 0.043 0.033 0.026 0.055 0.050

Standard errors (S.E.) for the quantile regression coefficients were obtained using 1000 bootstrap
replications

INN indicates innovation activities; T1, Time 1; OLS, ordinary least squares

*** p\ 0.01; ** p\ 0.05; * p\ 0.1
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firm value growth of SMEs had a significantly positive effect on R&D investment growth

implies that when the market expects high future performance for the innovation activities

of SMEs, stock markets can be a potentially important channel to connect SME innovation

activity and growth.

However, we did not find the asymmetric effects for R&D investment between growing

firms and declining firms, as noted by Coad and Rao (2010). As shown in Table 6 and

Fig. 4, both fast-growing firms and declining firms showed higher coefficients on firm

growth in terms of sales and firm value than did average-growing firms. This implies that

declining firms decrease their R&D at almost the same rate as fast-growing firms increase

their R&D (Deschryvere 2014).

Based on the technological level analysis, the growth of SMEs in high-tech sectors

(high technology and medium–high technology) had a significantly positive influence on

R&D investment growth, according to both the OLS analysis and the quantile regression

estimations, while the positive relationship between two variables was observed only for

some quantiles in other sectors.

The quantile regression estimation curve, in which the coefficients on firm growth were

within the OLS confidence intervals, showed the relatively symmetric R&D growth

between growing firms and declining firms. Figure 4 displays the quantile regression

estimation curve of firm growth across the conditional distribution for the R&D investment

growth rate.

We analyzed the indirect-effect path (X ? M ? Y) with SEM (path analysis) to

examine the mediation effect of firm growth in the relationship between innovation

activities and R&D investment growth. As shown in Table 7, we found a positive and

significant mediating role of sales growth in the relationship between the two variables.

However, we did not find a significant mediating role of firm value growth in the rela-

tionship between the two variables. These findings supported Hypothesis H3a but not

Hypothesis H3b.

Recent studies have applied the Sobel test as a supplementary method to analyze

mediation effects to further strengthen the robustness of their results (e.g., Boxall et al.

2011; Holcomb et al. 2009; Miron-Spektor et al. 2011; Ndofor et al. 2011; Reiche et al.

2011; Rodrı́guez and Nieto 2015). In line with these studies, we used the Sobel test and
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Fig. 4 Quantile regression plots of Eq. 5 for the whole sample: Step 2. Effects of small and medium-sized
enterprise growth on R&D investment growth across the conditional quantiles for (a) sales growth and (b)
firm market growth. The horizontal lines represent ordinary least squares estimates with 95% confidence
intervals. Graphs were made using STATA module (Azevedo 2011)
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obtained similar results to those from the SEM (path analysis). Table 8 shows the results

relating to the mediation effect of firm growth according to the Sobel test.

4.3 Additional tests to check the robustness of the study results

We performed the same analyses for large firms, with different results (see ‘‘Appendix’’).

We found that the innovation activities of large firms had a significantly positive effect on

firm growth in terms of both sales and firm value, and that their growth in both sales and

firm value had a significantly positive effect on subsequent R&D investment growth.

Moreover, the growth in both sales and firm value of large firms played a mediating role in

the relationship between innovation activities and R&D investment growth. Consequently,

we found a virtuous cycle between the innovation activities of large firms and their growth

through two routes.

Table 7 Mediation effect (SEM): Step 3

Path Direct effect Indirect effect

ß (S.E.) ß (S.E.)

Sales
growthi,T2

INNi,T1 ? Sales Gi,T2 0.198*** 0.023

Sales Gi,T2 ? RD Gi,T3 0.057** 0.027

INNi,T1 ? Sales
Gi,T2 ? RD Gi,T3

0.011** 0.006

Goodness of fit RMSEA = 0.037, CFI = 0.927,
SRMR = 0.016

EV
growthi,T2

INNi,T1 ? EV Gi,T2 0.014 0.031

EV Gi,T2 ? RD G,T3 0.062*** 0.020

INNi,T1 ? EV
Gi,T2 ? RD Gi,T3

0.001 0.002

Goodness of fit RMSEA = 0.033, CFI = 0.606,
SRMR = 0.015

Root-mean-square error of approximation (RMSEA) and standardized root-mean-square residual (SRMR)
values of less than 0.05 are considered to indicate a close fit; comparative fit index (CFI) scores above 0.9
are considered acceptable

INN indicates innovation activities; G, growth; RD, research & development; EV, enterprise value; T1,
Time 1; T2, Time 2; T3, Time 3

*** p\ 0.01; ** p\ 0.05; * p\ 0.1; number of observations: 4454

Table 8 Mediation effect (Sobel test): Step 3

Path ß (S.E.) Sobel test Z p value

INNi,T1 ? Sales growthi,T2 ? RD growthi,T3 0.013 0.006 2.32** 0.020

INNi,T1 ? EV growthi,T2 ? RD growthi,T3 0.001 0.002 0.44 0.658

INN indicates innovation activities; RD, research & development; EV, enterprise value; T1, Time 1; T2,
Time 2; T3, Time 3

*** p\ 0.01; ** p\ 0.05; * p\ 0.1; number of observations: 4454
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Unlike previous studies, we used two variables to measure firm growth, applying

quantile regression in addition to OLS analysis to estimate the three augmented Gibrat’s

law equations, and using SEM (path analysis) and the Sobel test to analyze the mediation

effect of firm growth.

Finally, we performed the analysis for venture firms, a kind of SME, and found results

consistent with the main results of this study (data not shown).

5 Conclusions and discussion

In recent decades, numerous studies have considered the relationship between innova-

tion activities and firm growth, with a focus on estimating the effect of innovation

activities on firm sales growth. However, in contrast to most previous studies, this study

focused on the role of the stable innovation activities of SMEs in sustainable growth. In

line with this, we used firm value, in addition to sales, as a proxy for firm growth, as

stock markets have been shown to be a useful channel to decrease firms’ financial

obligations (see Brown et al. 2009; Blass and Yosha 2003). Our empirical study

simultaneously considered two routes: (1) innovation activities at T1, sales growth at

T2, and R&D investment growth at T3; and (2) innovation activities at T1, firm value

growth at T2, and R&D investment growth at T3. Moreover, we analyzed the mediation

effect of firm growth in the relationship between innovation activities and R&D

investment growth through the two routes to examine the R&D financing channel of

SMEs. This study adopted a dynamic and evolutionary approach—augmented Gibrat’s

law equations—using multiple measures and methods to provide a comprehensive

understanding of the firm growth process and to highlight the way in which stock

markets can be a potentially important channel to connect SME innovation activities

and growth.

In this longitudinal study, we first found a significant and positive relationship

between the innovation activities of SMEs and their growth in sales the following year,

and this relationship was stronger for high-growth firms and high-tech sectors than for

low-growth firms and low-tech sectors. Moreover, SME sales growth had a significantly

positive effect on subsequent R&D investment growth. In sum, among SMEs, innovation

activities influenced the sales growth of high-growth firms and high-tech sectors more

positively than low-growth firms and low-tech sectors, and high-growth firms and high-

tech sectors subsequently invested more in R&D the following year. However, we also

found that the innovation activities of SMEs did not significantly affect their firm value

growth, whereas it did for large companies. One reason for this could be that the market

does not recognize the value of the potential growth and opportunities created by SME

innovation activities. In addition, we found a mediating role of sales growth in the

relationship between the innovation activities of SMEs and their R&D investment

growth, but we did not find such a mediating role of firm value growth. However, we did

find a mediating role of large firms’ growth in both sales and firm value in the rela-

tionship between the two variables.

The results of this study have a few important implications. First, SMEs should actively

collaborate with external research institutions, i.e., universities, to improve their R&D capa-

bility for sustainable growth. As Arrow (1962) and Acs et al. (2013) suggested, knowledge is

one of the primary drivers of firm growth due to its strong propensity to spill over from

knowledge-creating firms to other firms, which can then access such knowledge at a low cost.

Moreover, SMEs adopting a process innovation strategy depend considerably on the
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acquisition of external knowledge sources to improve their weak internal innovative capa-

bilities (Hervas-Oliver et al. 2014), and a number of studies have found a positive association

between the innovation performance of SMEs and their collaboration with external institutions

(Audretsch et al. 2014; Gunasekaran et al. 2006; Rodrı́guez and Nieto 2015; Zeng et al. 2010).

In particular, Lee (2000) suggested that university-industry collaboration is useful to both firms

and universities, because firms can access new research and discoveries and university faculty

members can conduct their own academic research by obtaining funds for their students and

laboratory equipment. Therefore, these previous studies support the need for collaboration

between SMEs and external institutions, especially universities.

Second, policymakers should be aware of the importance of stock markets for financing

R&D and take action to improve the related system. Stock market development and liberal-

ization could substantially increase R&D investment and foster innovative activity (Brown

et al. 2012; Hsu et al. 2014). Indeed, financing from the equity market can reduce a firm’s

financial obligations and help to alleviate the financial effects of failed R&D projects (Wang

and Thornhill 2010). Furthermore, reduced financial obligations from equity financing can

increase discretionary slack (Bourgeois 1981). These previous studies suggest that financing

R&D through the equity market is important for the sustainable R&D investment of SMEs. In

particular, a study by Blass and Yosha (2003) on financing R&D in Israel, where the ratio of

R&D to gross domestic product is the second highest in the world, demonstrated that R&D-

intensive firms do not rely more on internal cash, and this might be because they are able to

finance R&D through inexpensive external equity markets, which has important implications.

One of the limitations of this study is the time lag between innovation activities and

their commercial success. However, we analyzed longitudinal data and multiple industry to

overcome this limitation, as previously suggested and tested (e.g., Davidsson and Wiklund

2006; Garcı́a-Manjón and Romero-Merino 2012; Liu et al. 1999; Weinzimmer et al. 1998;

Yang and Huang 2005).

In conclusion, this empirical study suggests the following: (1) SMEs should actively

collaborate with external research institutions, i.e., universities, to improve their R&D

capability; and (2) when the market expects high future performance of SME innovation

activities, stock markets could be a potentially important channel to connect their inno-

vation activities and growth.
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Appendix: Empirical results for large firms

See Figs. 5, 6 and Tables 9, 10, 11.
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