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Abstract 

Analysis of the relationship between innovation and 

firm growth: From the perspective of persistence of 

innovation activities 

 

Taewon Kang 

Technology Management, Economic, and Policy Program 

The Graduate School 

Seoul National University 

 

Innovation is the driving force of firm growth. Many studies have been conducted on 

this concept, but there are still limitations in explaining the effects of innovation on firm 

growth. The reason is that the discussion is based on the assumption that the quantitative 

difference in innovation activities determines the heterogeneity in firm growth. This 

assumption oversimplifies the process of accumulating technological knowledge in firms, 

and there is insufficient consideration of characteristics of innovation activity. 

Innovation activity is a process of knowledge accumulation, which, unlike physical 

capital, is not built up only by quantitative measures. In other words, knowledge is 

accumulated as a result of continuous and persistent effort with long-term perspectives. 

This research examines how innovation contributes to firm growth in terms of persistence 
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of innovation activities. This research constructs unique panel datasets merging financial, 

patent, and product information on Korean manufacturing firms and three empirical 

analyses are conducted. The results presented in Chapters 3, 4, and 5 reveal how persistence 

in innovation activities is important as a source of a firm’s competitive advantage. 

Chapter 3 examines the importance of R&D persistence. Even if the aggregate level of 

R&D over a certain period is equal, there is a difference in innovation activity. Some firms 

continue to invest certain amount of R&D every year (R&D persistence), while others 

fluctuate their levels of investment (R&D volatility). According to the results, firms with 

R&D persistence have higher growth rates. A positive relationship is identified between 

R&D level and firm growth in firms with R&D persistence. Even firms with quantitative 

increases in R&D investment have lower firm growth if there is high R&D volatility. 

Therefore, even if R&D investment is smaller, firms with persistent R&D investment have 

higher growth rates than those with higher but volatile R&D investment over time. This 

suggests that it is important to sustain R&D strategies from a long-term perspective even 

if the internal or external environment changes. 

Chapter 4 discusses the qualitative aspects of knowledge accumulation strategies. The 

results show the importance of persistence of experience in a specific knowledge domain, 

which is measured as the depth of knowledge accumulation. The method of knowledge 

accumulation should change according to the depth of experience. Repetitive learning (i.e. 

no experimentation) is needed when the depth of experience is low. Novel approaches to 

learning (i.e. experimentation) is needed when the depth of experience is high. The results 

explain why competitive advantage between firms differs even if they make the same 

quantitative level of effort when considering qualitative aspects of knowledge 
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accumulation. 

Finally, Chapter 5 examines the relative importance of persistence of knowledge base 

rather than product portfolio in the firm. This chapter identifies the dynamic relationship 

between knowledge base and product portfolio in a firm and what kinds of knowledge and 

product bases lead to firm growth. The results show that firms that focus on specific 

knowledge fields and diversify their products utilizing the core knowledge demonstrate a 

higher average growth rate. New product strategies do not always have a significant impact 

on growth. This implies that it is important to persistent knowledge base in a firm. 

The findings of the three chapters suggest the importance of the persistence of learning 

and experience in innovation activity. The reason for the decline in Korean firms’ 

performance and technological competitiveness is that they do not pursue persistence of 

innovation activities rather than a lack of activities. By considering persistence as a new 

dimension to understand innovation activities, the relationship between innovation and firm 

growth can be understood more systematically. Furthermore, a new perspective on 

innovation strategy and policy implications are suggested. Strategic and policy efforts are 

needed to create an environment and capacity to sustain innovation activities with a long-

term perspective. 

 

Keywords: Persistence, Innovation activity, Firm growth, Knowledge accumulation, 

Empirical analysis 

Student Number: 2014-30286  
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 Introduction 

 

1.1 Research motivation and purpose 

The dynamics of industrial ecology play an important role in maintaining the vitality and 

efficiency of the economy (Ahn, 2005). Industrial dynamics is driven by the “entry” of 

entrepreneurs, the “growth” of efficient firms, and the “exit” of inefficient firms. 

To promote industrial dynamics, it is necessary to first understand firm growth for the 

four following reasons. First, a firm provides vitality in terms of economy and employment 

through growth. Recent efforts to nurture high-growth firms are also made in this aspect. 

Second, firm growth has a crucial effect on the industrial ecology such as survival and entry. 

According to Cefis and Marcili (2005), a firm’s survival rate increases as the growth rate 

is higher. This implies that firm growth must continue in order for that firm to survive. 

Moreover, an environment in which growth is determined by effort after the entry boosts 

startups of potential innovators or entrepreneurs (Bosma et al., 2012). Therefore, according 

to Vivarelli (2013), it is more important to focus on supporting an innovative firm to take 

off through growth (scale-up) rather than to focus on establishing startups. Third, firm 

growth affects a firm’s behaviors and strategies. More specifically, firm growth affects 

innovation activities (Coad and Lao, 2010; Kang et al., 2017; Bogliacino et al., 2017), 

organizational structure (Greiner, 1972), profitability (Delmar et al., 2013) and productivity 

(Du and Temouri, 2015) in the following term. In other words, it brings gradual or radical 

change to the firm (Greiner, 1972). Fourth, firm size is a main interest in terms of policy, 



2 

 

but at the same time the policy direction changes depending on the size. Firm size at a 

certain point is the result of cumulative growth. Thus, it is necessary to discuss the process 

of growth the firm has been through so far in order to understand firm size (Coad, 2009). 

Due to these reasons, it is important to first understand the properties and principles of firm 

growth and find the determinants in order to promote industrial dynamics. 

This research emphasizes the role of innovation latent in firm growth. Innovation is an 

important source of firm growth. The firm’s ability to release a new product and process in 

the market is based on the process of creative destruction (Audretsch et al., 2014). In other 

words, a firm can change the existing order through innovation, and secure competitive 

advantage differentiated from its competitors. As a result, the firm will achieve growth. 

Many studies have been conducted to empirically verify the above, and generally it was 

found that innovation has a positive impact on firm growth. 

Let us take a look at the cases of firm growth and innovation in Korean firms. Figure 1-1 

shows the annual trend of Korea’s R&D investments and percentage of government and 

public investments in the last 30 years or so. R&D investments increased remarkably, and 

the increase is further accelerating since 2000s. The percentage of government and public 

investments is decreasing, and at least 70% of total investments have been made by firms 

since the late 1990s. Figure 1-2 shows the relation between GDP per capita and R&D 

investments in OECD countries. Korea has much higher R&D investment than countries 

with the same GDP per capita. 
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 Source: Survey of R&D Activities (annual data) 

Figure 1-1. Annual trend of R&D investment and percentage of government investment 

 

 

 Source: OECD Statistics 

Figure 1-2. Relationship between GDP per capita and R&D investment 
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Increased investment in innovation naturally led to increased output of innovation. 

Figure 1-3 shows the number of patents applied by Korean firms. Aside from the two 

financial crises (1997-1998, 2008-2009), the number of patents constantly increased, and 

the increase accelerated since 2000. Korea has smoothly shifted to innovation-based 

growth throughout the 1960s-70s in which it had pursued input-based growth with capital 

and labor force. As a result of the quantitative effort of innovation activities, Korean firms 

could grow into global firms. According to the Fortune Global 500 List announced every 

year by the US business magazine Fortune, the list in 2017 included 15 Korean firms. 

 

 

    Source: Industrial Property Statistics (annual data) 

Figure 1-3. Annual trend of the number of patents applied 
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and growth indicators surveyed on Korean manufacturers. The sales growth rate has 

decreased constantly since 2010, and is showing a negative growth rate from 2014 until the 

present. The total asset growth rate has also decreased, and has been stalling since 2012. 

The rate of operating income is also stalling, which implies that at this point, efforts must 

be made to enhance efficiency. 

Despite the efforts for innovation, it is becoming more difficult for firms to survive. 

Figure 1-5 is the annual trend of the number of exit firms that are out of business or shut 

down temporarily, which shows that the number of exit firms tends to increase. According 

to Cefis and Marsili (2005), there is innovation premium that has a positive effect on firm 

survival, but this innovation premium is not found in Korea. In addition, the survival rate 

of Korean new firms at 1 year and 5 years was 62.4% and 27.3%, respectively. Comparing 

with Germany (76.5%, 29.1%), France (82.0%, 44.3%), UK (92.2%, 41.1%), Spain (76.5%, 

40.0%) and Italy (80.4%, 44.7%), this is the lowest. Even the firms that survived cannot 

continue to grow as they face a stall.1 

Furthermore, there are concerns for a long-term recession in Korea due to the decline in 

technological competitiveness. According to World Economic Forum2, Korean firms in the 

ranking of innovation capabilities have constantly fallen to the 9th in 2008, 19th in 2012 and 

then 30th in 2016. 

 

 

                                            
1 The current state of growth stall of Korean firms is examined empirically from the stylized facts of Korean 

manufacturers in section 2.1.4. 
2 The Global Competitiveness Report 
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  Source: Financial Statement Analysis (annual data) 

Figure 1-4. Annual trend of performance of Korean manufacturers 

   

 

    Source: Business Demography Statistics (annual data) 

Figure 1-5. Annual trend of the number of exit firms 
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In sum of the cases of growth and innovation of Korean firms, it can be found that 

innovation activities have increased explosively in the last 30 years. However, despite the 

increase of innovation activities, firm growth, profitability, survival rate and technological 

competitiveness are constantly decreasing. Recently, plans to increase R&D investments 

for the development of new technologies and industries are being made at the national and 

firm level in order to promote firm competitiveness. However, it is still unclear whether 

these strategies will be the fundamental solutions. 

Various studies have proved that innovation activities have a positive effect on firm 

competitiveness. However, it is difficult to understand the recent phenomena of Korean 

industrial ecology with the conventional perspective. The reason is that the literature has 

considered levels of innovation activities. In other words, the discussion is based on the 

assumption that the difference in quantitative innovation activities leads to the 

heterogeneity in firm growth. This aspect has simplified the process of accumulating 

technological knowledge in the firms, and there is insufficient consideration of 

characteristics in innovation activity. Therefore, a new perspective is needed to understand 

innovation activities. 

Innovation activities are a process of accumulating technological knowledge of a firm. 

Knowledge is accumulated as a result of continuous and persistent effort with long-term 

perspectives (Dierickx and Cool, 1989) Physical capital can be accumulated with short-

term quantitative effort, but accumulation of intangible assets like knowledge requires 

constant and persistent effort through trial and error. 

This research examines the effects of persistence in innovation activities on knowledge 

accumulation and even firm growth. Through empirical analyses on Korean manufacturers, 
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this research will determine the importance of persistence in innovation activities and 

systematically understand the actual cases that could not be explained by previous studies. 

 

1.2 Outline of the study 

This research consists of six chapters. Figure 1-6 shows the research outline. Chapter 2 

reviews Chapter 2 reviews the literature on firm growth and innovation. Due to the 

limitations of previous studies, which emphasize the quantitative aspects of innovation 

activities, it discusses the perspective of persistence of innovation activities and suggests 

theoretical framework of this research. 

Three chapters of empirical analysis examine the importance of persistence of innovation 

activities. Chapter 3 considers the volatility of R&D investment as a new dimension of 

understanding R&D strategies. Among firms with the same level of R&D, there is 

heterogeneity such as fluctuation or persistence of R&D over time. This chapter analyzes 

the interaction effects between the level and volatility of R&D on firm growth. Chapter 4 

understands knowledge accumulation in terms of qualitative aspects. Even with the same 

level of effort, differences in the degree of knowledge accumulation depending on the 

composition (experience) and method (experimentation) of knowledge accumulation. This 

chapter analyzes the effect of knowledge accumulation strategies through experience and 

experimentation on firm growth. Chapter 5 simultaneously considers knowledge and 

products in the firms. Knowledge and products are mutually related and effect on each other. 

This process creates firm-specific knowledge and product bases. This chapter identifies 

their dynamic relationship and what kinds of knowledge and product bases lead to firm 
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growth. 

  Finally, Chapter 6 concludes the research. It draws implications for innovation strategy 

and policy from a new perspective. Moreover, it points out the limitations of the research 

and suggests future research directions. 

 

 

Figure 1-6. Research outline 
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1.3 Contributions of the study 

This research has contributions as it focuses on persistence as a dimension to understand 

innovation activities and seeks a new perspective on innovation strategies and policies by 

determining the importance of persistence. 

First, this research reveals that persistence is more important than the quantity of 

innovation activities. Studies in educational psychology are already emphasizing the 

importance of constant, persistent effort and experience in success. However, most studies 

on firm-level analysis have led discussions based on the quantitative difference in 

innovation activities. It is encouraging that some studies have begun to discuss the 

importance of persistence, but still the scope was narrow, merely examining the persistence 

of decision in innovation activities. To overcome these limitations, this research claims the 

need to examine persistence in innovation activities in various aspects and consider 

persistence as a dimension to understand the heterogeneity of firms’ innovation activities. 

Second, this research understands the link between persistence in innovation activities 

and firm growth, through which the underlying mechanism of firm growth can be more 

systematically understood. Innovation is emphasized as an important source of firm growth, 

but still the effects of innovation on firm growth are ambiguous according to previous 

studies. Furthermore, they fail to explain a variety of different cases in reality. This research 

reveals the importance of persistence in innovation activities as a source of a firm’s 

competitive advantage. This clarifies why the performance of Korean firms is declining 

despite their efforts for innovation, and also helps understand various cases of firms that 

could not be explained before. 
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Third, this research establishes unique panel datasets to Korean manufacturers for 

empirical analysis, which will help understand innovation activities of Korean firms more 

comprehensively. Figure 1-7 shows an outline of unique datasets in this research. This 

research leads the discussion by expanding the dataset for each stage. Chapter 3 examines 

the R&D activities based on the financial information of firms. Chapter 4 adds the patent 

information of each firm to the dataset in Chapter 3 to examine the knowledge composition 

of the firms. Then, Chapter 5 additionally integrates product information of each firm to 

compare knowledge space and product space. In particular, efforts are made all over the 

world to match firm-level information with patents (US firms: Hall et al. (2001), European 

firms: Thoma and Torrisi (2007), Australian firms: Julius and de Rassenfosse (2014), 

Chineses firms: He et al. (2016) etc.). Datasets constructed in this can be regarded as the 

first attempt made on Korean manufacturers. Starting with this research, by matching patent 

information of even firms subject to external audit and micro firms, it will be possible to 

more systematically understand innovation activities of Korean firms in general. 

 

 

Figure 1-7. Outline of unique datasets 

 

Finally, this research contributes to provide a new perspective on innovation strategies 

and policies. Due to the studies that emphasized the quantitative aspect of innovation 
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activities, innovation strategies and policies have also been discussed in this perspective. 

In other words, innovation strategies and policies have been implemented to promote 

increase of innovation activities. Blind faith in the quantitative perspective may lead to 

limited and improper innovation strategies and policies. Furthermore, the quantity cannot 

be increased due to the limited resources, and there have been active discussions about the 

fact that mere quantity does not guarantee firm competitiveness. The findings of this 

research are expected to provide significant implications in such discussions. 
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 Literature Review and Theoretical 

Frameworks 

 

2.1 Firm growth and innovation 

Understanding firm growth is the starting point of investigating a firm’s evolutionary 

process. Firm size and organizational structure at a certain point are results of cumulative 

growth form the past, which is why it is necessary to investigate how a firm has grown, 

which factors caused growth, and why the growth rates are different within the similar 

business sector. 

However, understanding firm growth is not as simple as it seems. According to Coad 

(2009), firm growth tends to be idiosyncratic character and thus shows multiple aspects of 

phenomena. This is why various studies have been conducted considering firm 

characteristics (e.g. firm size, age), strategies (e.g. innovation, profitability, and export) and 

macroscopic environment (e.g. economic crisis) in order to explain the difference in growth 

among firms. However, it is still not easy to generalize firm growth. 

Nonetheless, one of the stylized facts about firm growth is that “innovation is an 

important driving force of firm growth.” A firm’s ability to release a new product and 

process in the market is grounded on the process of creative destruction (Audretsch et al., 

2014). In other words, firms enhance their values through innovation and acquire 

competitive advantage over competitors. Many studies make efforts to determine the role 

of innovation as a major source of firm growth, and empirical studies have been conducted 
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using all kinds of data and methodologies. For example, 『Small Business 

Economics』published a special issue called “Firm growth and Innovation” in 2014 and 

examined theses relationship in depth.3 

In terms of theory, firm growth is explained as a firm-specific factor for innovation such 

as resource-based theory and evolutionary economics. Implications in terms of innovation 

strategies and policies are drawn in order to promote firm growth. However, there are still 

limitations in understanding the relations between firm growth and innovation. 

This section provides stylized facts, theoretical background and empirical evidence 

based on previous studies on firm growth. It also comes up with stylized facts of Korean 

industrial ecology with firm-level data and comparatively analyzes them with the results of 

previous studies. Finally, this section points out the gap between real cases and previous 

studies on firm growth and innovation, and proposes a new perspective to overcome these 

limitations. 

 

 Stylized facts on firm growth 

 

2.1.1.1 Heterogeneity of firm growth 

Neoclassical economics have led the discussions in terms of postulating representative 

firms and minimizing gaps among firms. However, as revealed in various theoretical 

studies and empirical results, firms are not homogeneous in terms of various levels such as 

country, industry and year (Dosi et al., 2010). In other words, there is heterogeneity in 

which small groups with different characteristics coexist within the whole group (Na, 2013). 

                                            
3 Firm growth and Innovation (Volume 43, Issue 4, December 2014) by Small Business Economics 



15 

 

Recently, there has been more interest in heterogeneity in understanding economic 

phenomena. According to Dosi et al (2010), it is important to understand heterogeneity to 

understand the aspects, sources and results of industrial dynamics. 

One of the stylized facts about firm growth is that “the distribution of firm growth is 

heterogeneous.” (Stanley et al,, 1996). Figure 2-1 shows the distribution of growth, where 

(a) is based on the number of employees and (b) is based on sales.4 Firms showing low 

growth rates coexist with firms showing high growth rates, while also showing wide 

heterogeneity among them. More specifically, most firms show the growth rates close to 0 

in both distributions, with only a few firms experiencing high growth. This can be verified 

by various firm growth indicators such as value added (Bottazzi et al., 2007) and total assets 

(Reichstein and Jensen, 2005). Moreover, the distribution of firm growth is characterized 

by a consistent trend regardless of levels of disaggregation. In other word, the shape of the 

distribution of firm growth does not change according to country, industry or year. Similar 

form was found in various studies on US manufacturers (Bottazzi and Secchi, 2003), 

French manufacturers (Coad, 2007), Italian manufacturers (Bottazzi et al., 2007), global 

pharmaceutical industries (Bottazzi et al., 2001), Chinese firms (Duschl and Peng, 2015), 

Spanish firms (Coad et al., 2016) and Indian manufacturers (Mathew, 2017), etc. Moreover, 

as shown in Figure 2-1, the shape of annual distribution does not show much of a difference. 

 

                                            
4 In general, sales, number of employees, total assets and productivity (value added per employee) are used as 

indicators of firm growth. Firm growth rates are measured in various ways based on these indicators, such as 

year-on-year change, log change or average annual growth rates. 
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(a) Employment growth                  (b) Sales growth 

Source: Coad (2007) and Bottazzi et al. (2011) 

Figure 2-1. Distribution of firm growth 

 

The distribution of firm growth is similar to the Laplace distribution shaped like a tent 

(Stanley et al., 1996; Bottazzi and Secchi, 2003; Bottazzi et al., 2007; Coad, 2009). The 

function of the Laplace distribution (symmetric exponential) is as follows. 
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            (2.1) 

 

where μ is the location parameter, and a is the scale parameter determining the spread of 

distribution. A major characteristic of the Laplace distribution is that it has a fat-tailed 

compared to the Gaussian distribution (Normal distribution). This indicates that extreme 

growth event occurs more frequently in reality than expected (Dosi et al., 2010; Coad, 

2009). 
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The shape of the distribution is consistent at levels of disaggregation, but not all moments 

are the same among the distributions. Previous studies observed the mean, variance, 

skewness and kurtosis differences, and changes in the distribution of firm growth. The 

distribution of small firms compared to large firms shows high growth on average but with 

high variance (Coad, 2009). The moment of distribution also changes according to the 

economic situations. In general, mean and kurtosis are procyclical whereas variance and 

skewness are countercyclical (Higson et al. 2002). By understanding the aspects of moment 

change in the distribution of firm growth, it is possible to adjust the extent of growth 

heterogeneity among firms within the economy and industry in terms of policy and strategy. 

The implications of the stylized fact that heterogeneity exists in firm growth distribution 

can be summarized as follows. First, heterogeneity is observed regardless of country and 

industry. This indicates that the area of growth is not limited to certain fields but exists 

everywhere. In general, firms make efforts to give up on their mature industries and develop 

new industries in order to achieve high growth rates. However, growth opportunities exist 

within the existing territory. Thus, it is important to make efforts to find potential growth 

opportunities through market segmentation even in the existing territory (Patrixk et al., 

2008). Second, it is important to determine the reason why there is heterogeneity. Many 

studies strived to reveal firm-specific factors that cause growth differences among firms. 

Moreover, just because heterogeneity is found similarly in various levels does not indicate 

that the factors determining growth are also the same regardless of country or industry. It 

is necessary to examine factors that determine firm growth and comparatively analyze them 

according to levels of disaggregation and environments. Finally, since the distribution of 

firm growth rates shows a fat-tailed, it is important to understand the events of growth on 
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both ends. These are determined by factors other than average growth, and they are difficult 

to understand with the traditional regression analysis method that shows the average trend. 

To overcome this limitation, research is actively being conducted on investigating the 

different determinants by quantile (location) of firm growth distribution using the quantile 

regression analysis (Coad and Rao, 2008; Falk, 2012; García-Manjón and Romero-Merino, 

2012; Czarnitzki and Delanote, 2012; Capasso et al., 2015; Coad et al., 2016). This will be 

examined more in detail in Section 2.1.3 of this chapter and 3.3 of Chapter 4. 

 

2.1.1.2 Firm growth dynamics 

The distribution of firm growth showed the static growth rate differences among firms 

in a specific year or represented the annual changes of the entire group. It helps understand 

the characteristics and evolution of the entire group within the industry and economy. 

However, this perspective has limitations in understanding the dynamic changes such as 

movements of individual firms within the distribution or growth paths. Just because the 

shape of the distribution of firm growth rates is consistent does not mean that a certain firm 

continues to maintain the current position. Capasso et al. (2013, p. 998) mentioned as 

follows: 

 

 “The stability of the distributions may be given either by the fact that there is an intra-

distributional mobility of firms that substitutes firms formerly in the tails with new ones 

or by the fact that firms remain in the same positions as time goes by.” 

 

Examining the firm growth dynamics helps understand the evolutionary pattern of how 

the firms reached the current size. Therefore, individual firms must be examined growth 
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rate changes in the dynamic view. This section summarizes the key issues related to 

dynamics of firm growth and examines stylized facts about them. More specifically, it will 

examine by categorizing firms into (1) high-growth firm, (2) sustainable growth firm and 

(3) growth-stall firm. 

 

 High-growth firm 

Located in the rightmost side of the growth rate distribution, high-growth firms are 

considered outliers in conventional economics, which is why they have never been a major 

subject of analysis thus far. However, as previously mentioned, the growth rate distribution 

shows a thick tail regardless of various levels such as country, industry and year, which 

implies that firms frequently experience extreme growth event (Coad, 2009). Moreover, 

high-growth firms are perceived as an important means for economic recovery in the global 

financial crisis (Coad et al., 2014; Moreno and Coad, 2015). Recently, high-growth firms 

in studies about firm growth are not regarded as outliers but as a major subject of analysis 

as “fast-growing firms”, “rapid growth firms”, and “gazelles”. In 2014, the journal of 

『Industrial and Corporate Change』published a special issue of “High-growth firms”.5 

High-growth firms contribute to many aspects such as economy, employment and 

productivity. They play a significant role in creating new jobs even though there are 

relatively a few of them (Schreyer, 2000; Acs et al., 2011; Henrekson and Johansson, 2010). 

According to Birch and Medoff (1994) that suggested high-growth firms as a major subject 

of research, 70% of new jobs have been created by high-growth firms. As a result of 

analyzing British firms, NESTA (2009) discovered that high-growth firms, which 

                                            
5 High-Growth Firms (Volume 23, Issue 1, February 2014) by Industrial and Corporate Change  
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accounted for 6% of all firms, created 49.5% of new jobs during the period of analysis. In 

particular, according to Bos and Stam (2013), high-growth firms contribute not only to their 

own job creation but also to the employment growth of the industry through startups of 

entrepreneurs that had accumulated expertise in high-growth firms. Moreover, high growth 

leads to increase in productivity. As a result of analyzing British firms, Du and Temouri 

(2015) found that high growth has a positive effect on future TFP growth. Finally, if there 

are many high-growth firms in the economy, the growth expectations after the entry 

encourages potential entrepreneurs to find the will to start business (Bosma et al., 2012). 

Despite the importance of high-growth firms, they still do not have a common definition 

(Henrekson and Johansson, 2010; Demir et al., 2017). That is, high growth can be defined 

in various ways depending on the level of high growth, duration of high growth and method 

of measuring growth (Demir et al., 2017). According to Eurostat-OECD (2007), a high-

growth firm is defined as a firm that has at least 10 employees and has shown at least a 20% 

average annual growth in the last 3 years. This absolute growth is affected greatly by the 

economic environment and industrial regime. Therefore, high growth is also defined in 

terms of relative growth. A high-growth firm was defined as a firm whose sales growth in 

the last 4 years is at least twice the industrial average (Birch et al., 1994), and also as a firm 

that the sales is more than twice for 4 years (Acs et al., 2011). Previous studies on high-

growth firms can be summarized as shown in Table 2-1. Despite the fact that the analysis 

was conducted based on various definitions and data, it was found that high-growth firms 

generally made great contributions to employment, economy and productivity, which is 

why Moreno and Coad (2015) referred to high-growth firms as ‘economic super-heroes.’  
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Table 2-1. High-growth firm definition and contributions 

Authors Data HGF definition Contributions 

Birch and Medoff  

(1994) 

USA 

(1988-1992) 

Over 20% average annual growth of 

sales 
HGFs create 70% of new jobs 

Schreyer 

(2000) 

OECD 

(1985-1996) 
Top 10% of growth HGFs (7.7%) create 80% of new jobs 

Halabisky et al. 

(2006) 

Canada 

(1985-1999) 

Over 50% growth rate during the 

analysis period 

A few high-growth companies create the majority of 

jobs 

Acs and Mueller 

(2008) 

US 

(1990-2003) 
More than twice in sales 

A few high-growth companies create the majority of 

jobs 

NESTA (2009) 
UK 

(2002-2008) 

At least 20% average annual growth in 

the last 3 years 
HGFs (6%) create 49.5% of new jobs 

Acs et al. 

(2011) 

US 

(1994-2006) 
More than twice in sales for 4 years HGFs (2-3%) create the majority of jobs 

Bos and Stam 

(2013) 

Netherlands 

(1997-2008) 

Firms with at least 20 employees and 

aged 5 -10 

HGFs contribute to the industry's overall employment 

growth by spin-offs and competition promotion 
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Authors Data HGF definition Contributions 

Bosma et al. 

(2012) 
  HGFs encourage potential entrepreneurs for entry 

Du and Temouri 

(2015) 

UK 

(2001-2010) 

At least 20% average annual growth in 

the last 3 years 
High growth has a positive impact on firm TFP growth 

Daunfeldt et al. 

(2015b) 

Sweden 

(2005-2008) 

At least 20% average annual growth in 

the last 3 years 
HGFs (6%) create 42% of new jobs 
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Since high-growth firms contribute to the economy in various aspects, policy efforts 

have been made actively to promote such firms (OECD, 2010; European Commission, 

2010; 2014). European Commission (2010) set the development of high-growth SMEs as 

the main goal of the “Europe 2020 strategy”. Based on studies that determined the 

characteristics of high-growth firms, these characteristics were applied to other firms. More 

specifically, efforts are made to support firms with potential for high growth, or to create 

an institutional environment to promote growth by eliminating obstacles to high growth. 

Krasniqi and Desai (2016) comparatively analyzed 26 countries to determine the 

institutional factors for high growth. The results of analysis showed that an environment 

friendly to high growth was created by interaction between formal institutions like the 

country’s own tax administration and customs regulations and informal institutions like 

policy uncertainty and corruptions. This implies that there are multiple aspects of 

institutional conditions to promote high growth. 

Despite many discussions about high-growth firms, empirical evidence related to high-

growth firms are not accumulated systematically due to lack of common definitions or 

complexity in understanding high growth (Demir et al., 2017). The stylized facts from 

studies on high-growth firms thus far can be summarized as follows. First, high-growth 

firms appear in all industries (Henrekson and Johansson, 2010; Mason and Brown, 2013). 

Earlier studies claimed that many high-growth firms are in the high-tech industry. However, 

as examined above, there is an area for high growth in all units of growth rate distributions 

regardless of country, industry and year. According to Daunfeldt et al. (2015a), there was a 

higher ratio of high-growth firms in the knowledge-based service industry than in 

manufacturing. According to this empirical evidence, it is necessary to expand the scope to 
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various industries to nurture high-growth firms rather than to focus only on the high-tech 

industry (Mason and Brown, 2013). Second, high growth appears mainly in groups of firms 

that are young and are small in size on average (Henrekson and Johansson, 2010; Daunfeldt 

et al., 2014). However, these characteristics are merely an “average” trend, but are not 

strictly limited, which indicates that high growth can be achieved by strategic and policy 

efforts (Acs et al., 2008; Daunfeldt et al., 2014). Therefore, previous studies try to examine 

the strategic factors that affect high growth. In particular, the role of innovation is 

emphasized as it can bring high growth. Specific empirical evidence of this is provided in 

Section 2.1.3. Third, there are various paths of becoming high-growth firms. According to 

Delmar et al. (2003), not all high-growth firms achieved high growth through the same 

growth path, but there were actually seven patterns: 1) super absolute growers, 2) steady 

sales growers, 3) acquisition growers, 4) super relative growers, 5) erratic one-shot growers, 

6) employment growers, and 7) steady overall growers. However, most studies still focus 

only on whether firms achieved high growth or not, but lack discussions about the paths. 

Finally, most high-growth firms fail to maintain high growth for a long time. Firms that 

achieved high growth are not very likely to do so in the next term as well (Parker et al., 

2010; Daunfeldt and Halvarsson, 2015). Daunfeldt and Halvarsson (2015) analyzed high-

growth firms in Sweden from 1998 to 2008, but the chances that they would remain as 

high-growth firms after 3 years were merely 0.01%. They claimed that high-growth firms 

are “one-hit wonders”. In particular, smaller firms are less likely to sustain high growth 

(Coad, 2007). 

As an extension of the discussion related to the last stylized fact, some researchers claim 

that the expectations for high-growth firms are overrated. They argue that most high-growth 
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firms do not sustain high growth for a long time and thus have limited effect in contributing 

to the economy and society in the long run (Moschella et al., 2018). Moreover, high-growth 

firms do not play an important role in overcoming economic crisis as much as expected 

(Van Stel et al., 2014). Furthermore, it is difficult to select potential firms to achieve high 

growth in advance, and direct support may rather result in unintended outcomes in firm 

capabilities, increasing the possibility of policy failure (Brown and Mawson, 2015). 

Due to these limitations of high-growth firms, there is a growing interest in ‘how mode’ 

than ‘how much’ in understanding firm growth (McKelvie and Wiklund, 2010). More 

specifically, there is more interest in firms growing persistently for a long time even with 

low growth rates, rather than firms showing high growth in a short period of time. 

 

 Sustainable growth firm 

Sustainable growth firms refer to firms that continue to grow persistently despite low 

growth rates. They have insignificant effect on the society and economy in the short run, 

but have quite a positive effect in the long run. In 『Great by Choice』, Jim Collins stated 

that firms achieve consistent growth to a certain extent end up producing at least 10 times 

more results than the industrial average. Recently there have been efforts to nurture 

sustainable growth firms in terms of strategy and policy, and relevant discussions are 

focused on investigating (a) the direction and extent of autocorrelation and (b) determinants 

of persistence. 

According to Gibrat’s law, growth in the past does not affect growth at present (Gibrat, 

1931). In other words, there is no persistence in growth. However, many studies confirmed 

that, contrary to this law, growth in the past has a positive effect on growth at present. 



26 

 

Positive autocorrelation of firm growth rates was observed in US conglomerates (Ijiri and 

Simon, 1967), German manufacturers (Wagner, 1992), US manufacturers (Bottazzi and 

Secchi, 2003), global pharmaceutical companies (Bottazzi et al., 2001) and Greek 

manufacturers (Fotopoulos and Giotopoulos, 2010). According to the resource-based 

theory, firm growth is achieved by the firm’s resources and competitive advantage 

(Penrose,1959). Since competitive advantage is difficult to acquire in a short time and is a 

result of long-term accumulation, the firm can sustain its growth for a long time once it 

gets a chance. Moreover, firms that had already acquired many opportunities for growth 

are more likely to acquire opportunities for new growth (success breeds success; Kamien 

and Schwartz, 1982). According to Kim et al. (2016), firms with core competencies are 

highly capable of exploring and absorbing new opportunities, and thus they have high 

returns from diversification. Furthermore, profits from growth are reinvested in innovation, 

increasing the chance to earn new growth opportunities (Bogliacino et al., 2017). As such, 

firms with competitive advantage can sustain their growth with the self-reinforcement 

mechanism. In some studies, there was no persistence at all (Lotti et al., 2013; Almus and 

Nerlinger, 2000) or negative persistence (Goddard et al., 2002; Bottazzi et al., 2007), which 

indicates that the long-term growth rates are going back to the average. 

Firms have different levels and directions of persistence in growth even within the same 

industry. Figure 2-2 is a scatter plot showing the firm growth rates of t-1 and t. It can be 

seen that various growth patterns coexist, such as persistent growth or no persistence. 

Studies were conducted to find out the reason why there are such differences among firms. 

Coad (2007) investigated the difference in persistence of growth according to firm size. 

According to a study on French manufacturers, large firms showed low yet positive 
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persistence, whereas small firms showed high yet negative persistence. Large firms showed 

continuous growth, while small firms show fluctuations. In addition, Capasso et al. (2014) 

and Coad (2007) determined the level of persistence according to growth rates (location of 

distribution of growth rates). According to the results of analysis, high-growth firms show 

one-time growth and then the growth rates start to decline after that. On the other hand, 

firms that grow despite low growth rates continue to grow with positive autocorrelation. In 

the long-run, sustainable growth firms show higher average growth rates than firms 

experiencing high growth. In particular, according to Coad (2007), small firms that 

achieved high growth show high negative persistence. The smaller the firm size is, it is 

more important to make strategic efforts to sustain growth even at a low pace, rather than 

to seek rapid growth by constraint. Coad et al. (2018) also examined the difference in 

persistence of growth according to firm age. As a result of analyzing Swedish firms, new 

firms showed positive persistence whereas old firms showed negative. This is because 

firms that are young (less than 5 years) constantly pursue growth in order to overcome the 

liability of newness and reach the minimum efficient scale. On the other hand, old firms 

cannot actively deal with the changing environment due to organizational rigidity, which 

limits sustainable growth. 

Strategic and policy efforts are made to develop sustainable growth firms based on 

empirical evidence. Within the global business environment with increased uncertainty and 

rapid changes, it is impossible to sustain growth with conventional ways of success. Even 

firms with competitive advantage must make constant efforts to change even if they have 

to break away the customs and routines, or otherwise they will face growth-stall. 
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      Source: Capasso et al. (2014) 

Figure 2-2. Firm growth rates of t-1 and t 

 

 Growth-stall firm 

The growth path is nonlinear (Garnsey et al., 2006; Brenner and Schimke, 2015). In 

particular, growing firms suddenly show a stall or decline of growth. According to Garnsey 

et al. (2006) that tracked British firms in entry for 10 years, only 6% of the firms showed 

sustainable growth, whereas 49% lost their initial growth momentums and faced a growth 

stall at least once. Unlike temporary performance decline or temporary adjustment, growth 

stall is the case in which the long-term situation related to firm growth is turned around, 

thereby slowing down the growth patterns (Cameron et al., 1987; Lee and Lee, 2003. 

According to Olson and Van Bever (2008), the stall point where growth stall begins 

threatens the life or death of a firm. However, even though growth stalls are commonly 

observed in firms, previous studies on firm growth are overlooking them (Garnsey and 
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Heffernan, 2005; Coad et al., 2014). 

Most firms start business in a small size based on products or services to survive in the 

niche market. They enter the market without knowing the efficiency of their original ideas, 

and enhance this efficiency based on experience and learning in the process of 

implementing the ideas after the entry (passive learning; Jovanovic, 1982). In this process, 

the organizational routine is used to the existing products and services, and the goal of 

innovation activities is set up toward the direction of improving efficiency. However, they 

gradually lose their competitive advantage (Rahmandad and Repenning, 2016; Heine and 

Rindfleisch, 2013; Helfat and Peteraf, 2003; Dierickx and Cool, 1989). In the end, the ideas 

from the entry face limitations and firm growth starts to stall. According to Heine and 

Rindfleisch (2013), competitive advantage is not maintained in firms that do not properly 

use the given resources or create new values. Olson and Van Bever (2008) found that 

growth stall occurs because of overconfidence about the established routines, such as blind 

faith in the position of the market leader, error of judgment about market saturation, or 

excessive extension of existing formulas. 

Studies on growth stalls are still relatively insufficient (Garnsey and Heffernan, 2005). 

Firms in reality face stall often and it is important to overcome that, but most studies only 

analyze determinants of growth. The opposite of determinants of growth does not necessary 

mean determinants of failure or stalling. This is why the concentration of research on 

determinants of growth provides a narrow view about firm growth. To properly understand 

firm growth, it is necessary to systematically reveal why growth stall occurs – why a 

growing firm stops growing all of a sudden – and how to overcome this. 
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 Theoretical background of firm growth 

 

2.1.2.1 Traditional economic theory 

In the neoclassical economics, the goal of firms is to maximize profits. Under perfect 

competition, a firm’s output is determined where the marginal cost matches the marginal 

revenue, which is the point of profit maximization. Firms that cannot produce until this 

point are exited out of the market. 

In this view, firms grow in order to reach the optimal size that is the minimum point of 

the long-term average cost curve. Average costs are reduced by economy of scale if the 

production scale increases, but if firms exceed the optimal size, costs also increase due to 

the coordination problem of organization. Thus, once they reach the optimal size, there are 

no more incentives for growth. 

However, the neoclassical economics does not explain the incentives for firms to 

continue expanding their size and grow in reality. Moreover, it does not understand the 

existence of various firm sizes within the same industry, which is verified by many 

empirical studies. In fact, Geroski et al. (2002) examined the growth path of 147 British 

firms in 30 years, and as a result there was no phenomenon of convergence to optimal size. 

 

2.1.2.2 Gibrat’s law 

  Gibrat(1931) attempted to understand firm growth to explain the shape of firm size 

distribution. The current size of the firm is the cumulative result of past growth. He 

concluded that firm growth is a random walk (Gibrat’s law). In order words, the difference 

in growth rates and growth paths among (within) firms is determined at random. 
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Gibrat’s law can be explained as follows: 

 

             S𝑖,t − S𝑖,t−1 = ε𝑖,tS𝑖,t−1           (2.2) 

 

where S𝑖,t is the size of firm i in the period t, εi,t is a random variable that determines the 

firm growth between t-1 and t. Eq. 2(2.2) can be developed as follows: 

 

Si,t = (1 + ε𝑖,t)S𝑖,t−1 = S0(1 + ε𝑖,1)(1 + ε𝑖,2) ⋯ (1 + ε𝑖,t)     (2.3) 

 

From a logarithmic expression, 

 

lnSi,t = lnS0 + εi,1 + εi,2 + ⋯ + εi,t = lnS0 + ∑ εi,j
t
j=1    (2.4) 

 

when t → ∞, then initial firm size approaches 0 (𝑙𝑛S0 → 0), 

 

          lnSi,t ≈ ∑ εi,j
t
j=1               (2.5) 

 

Eq. (2.5) implies that firm size at period t can be explained by a set of idiosyncratic 

history of multiplicative shocks. 

Since Gibrat (1931), there has been a stream of empirical research to test this hypothesis. 

Empirical analysis of Gibrat’s law relies on the following equation: 

 

 Growthi,t = ∆lnSi,t = α + βlnSi,t−1 + εi,t     (2.6) 
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where 𝐺𝑟𝑜𝑤𝑡ℎi,t the growth rates of firm i between period t-1 and t; Si,t−1 is the firm 

size in period t-1. Research on Gibrat’s law focuses on the coefficient β1; if β1 is equal 

to 0, it implies that firm growth is independent of size, indicating Gibrat’s law holds; if β1 

is negative, smaller firms grow faster the larger one; and if β1 is positive, larger firms 

grow faster than smaller firms. 

Early research on the relationship between firm size and growth has generally drawn 

dichotomous conclusions, either supporting or rejecting Gibrat’s law. In many empirical 

studies of the 1950s and 1960s, Gibrat’s law was found to hold, that is, firm growth is 

determined by random (Hart and Prais, 1956; Simon and Bonini, 1958). This early work 

focused on large firms. After data including SMEs were available, empirical results 

indicated that Gibrat’s law is rejected (Mansfield, 1962; Hall, 1987; Evans 1987; Dunne et 

al, 1989; Hart 1962; Samuels, 1965; Singh and Whittington 1975; Bentzen et al; 2012). 

Recently, empirical research indicates non-linear relationship between firm size and growth 

implying that Gibrat’s law is rejected for small firms, and accepted for medium and large 

firms (Hart and Oulton, 1996; Lotti et al., 2003; Yang and Huang, 2005; Lotti et al., 2009; 

Fotopoulos and Giotopoulos, 2010). 

Gibrat's law simplified firm growth too much, which is why it fails to explain various 

cases in reality. If firm growth is determined by random shock, it is not affected by growth 

in the past. However, some firms continue to grow as they are affected by growth in the 

past. Moreover, the law also does not explain why heterogeneous growth rates appear in 

the same firm size. These cases imply that firm growth is not completely random; rather, 

there are systematic factors affecting growth. 

Various theories are proposed to explain the source of firm growth with systematic 
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factors. Each of the theories explains firm growth in its own way, but they share the 

common fact that difference in endogenous factors lead to difference in firm growth. Some 

factors substitute one another, but generally they are complementary in terms of 

understanding multiple aspects of firm growth. 

In this section, three theories that are discussed with most significance are summarized 

as follows: (1) resource-based view emphasizing the firm’s resources and capabilities, (2) 

knowledge-based view emphasizing the firm’s knowledge creation as well as integration 

and management, and (3) evolutionary theory emphasizing the firm’s unique routine. 

 

2.1.2.3 Resource-based view 

The resource-based view argues that a firm’s competitive advantage is based on firm-

specific resources and capabilities that are difficult to be imitated by competitors (Penrose, 

1959; Wernerfelt, 1984; Barney, 1991; Amit and Schoemaker, 1993). In other words, there 

is a difference in firm performance depending on excellent tangible and intangible 

resources and the ability to efficiently manage, use and expand these resources. Firms 

possess specific resources and capabilities through their own learning processes. The 

mobility of resources is incomplete and appears as a result of long-term accumulation, 

which is why heterogeneity of resources and capabilities possessed by firms lasts for a long 

time. When the resources are valuable, rare, inimitatable, and non-substitutable (VRIN), 

firms have competitive advantages, which are related to superior performance (Barney, 

1991). 

The resource-based view examines how a firm obtains and retains competitive advantage. 

The discussion begins from the controversy over whether competitive advantage is inborn 
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or acquired (Carroll et al., 1996; Klepper and Simons, 2000; Choi et al., 2017). In the 

former view, experiences and resources before the startup determine firm performance after 

the entry. On the other hand, in the latter view, efforts made after the startup are important 

for securing competitive advantage. A stylized fact here is that inborn resources and 

capabilities have only short-term effects on competitive advantage after the entry, whereas 

the firm’s long-term competitive advantage is determined by resources and capabilities 

acquired and developed after the entry (Choi et al., 2016). In particular, innovation 

activities are important efforts as they create resources that cannot be replaced or imitated 

by competitors, and enable efficient use and expansion of resources. 

However, competitive advantage does not last eternally. Helfat and Peteraf (2003) 

proposed the framework of capability life-cycle that describes the development process of 

certain resources and capabilities. According to Figure 2-3, capabilities related to certain 

activities are developed by constant effort at the initial stage of development. However, at 

some point the firm reaches the limit where its capabilities are no longer improved 

regardless of effort. Dynamic capabilities are needed in order to overcome these limitations. 

According to Teece et al. (1997), dynamic capability refers to the ability to integrate, 

establish and reorganize internal and external resources to respond to the rapidly changing 

environment, and the source of persistent competitive advantage. Firms that have 

competitive advantage may always fall behind their competitors if they do not have 

dynamic capabilities. 
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  Source: Helfat and Peteraf (2003) 

Figure 2-3. Capability life-cycle 

 

The resource-based view has contributions as it provides the logic that internal firm-

specific resources and capabilities can explain firm growth. However, this view clearly has 

limitations. First, the concepts of resources and capabilities are comprehensive. They 

indicate tangible and intangible assets such as assets, facilities, knowledge, know-how and 

organization's operations. In the end, a firm’s competitive advantage is formed by an 

integration of various assets. Therefore, there are limitations in coming up with specific 

strategic implications. Second, this view does not explain how excellent resources and 

capabilities are accumulated and secured in the dynamic view. In other words, the resource-

based view discusses only the excellent resources and capabilities in the static view 

(Kraaijenbrink et al., 2010). 

 

2.1.2.4 Knowledge-based view 

In general, the resource-based view regards knowledge as one of the many resources 
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rather than something that has its distinctive features. This section discusses knowledge as 

the most important resource that explains firm growth. 

In the knowledge-based view, knowledge is considered the most valuable and strategic 

resource of firms (Kogut and Zander, 1992; Zack, 1999). Knowledge consists of 

technologies, know-how and skills. A firm’s competitiveness is determined by the ability 

to create new knowledge, and efficiently manage and transfer that knowledge. Thus, the 

knowledge-based view emphasizes the importance of knowledge management within the 

firm in the process of creating, using and integrating knowledge through learning. 

The knowledge-based view is formed based on the discussions of various researchers. 

Kogut and Zander (1992) discussed that a firm’s knowledge is created by new 

recombination of knowledge possessed by individuals in the process of sharing and 

transferring that. Nonaka (1994) claimed that knowledge is created by interaction between 

individual and organizational knowledge. Spender (1992) examined the role of firms in not 

only creating knowledge but also applying knowledge. 

Firms establish a heterogeneous knowledge base based on their unique knowledge 

management. In other words, they generate and accumulate various forms of knowledge 

through their own experiences and learning process. A firm’s knowledge is typically in the 

form of explicit and tacit knowledge. Tacit knowledge is not accumulated in a short period 

of time, but is a result of various experiences, trial-and-errors embodied in human resources. 

As such, tacit knowledge is not easily transferred or imitated by competitors, and thus is a 

source of a firm’s competitive advantage. 

In some views, knowledge is created by individuals within the organization, and the firm 

is understood as the one coordinating and integrating the scattered pieces of knowledge 
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(Grant, 1996). According to Grant (1996), the quality of products and services is 

determined by how the firm integrates and applies the knowledge they had acquired. 

Knowledge within the firm is distributed among human resources and strategic assets in 

various forms, and the firm’s competitiveness is determined by how efficiently it integrates 

the knowledge. Individual pieces of knowledge that are scattered may gain new value when 

they are integrated, even if they do not have separate value of their own. According to Koch 

(2011), firms that efficiently integrate internal and external knowledge are more likely to 

show high performance in product innovation. 

The knowledge-based view emphasizes the importance of knowledge within the firm as 

it emphasizes not only the knowledge itself but also management and integration. It 

provides a key framework of efficient innovation activities for knowledge accumulation 

(Martín-de Castro et al., 2011).  However, this view still lacks discussions about the 

process in which knowledge is created and accumulated. Knowledge is created and 

accumulated in ways that are different from other resources (Dierickx and Cool, 1989). 

 

2.1.2.5 Evolutionary economic theory 

Nelson and Winter (1982) interpreted economic change in the evolutionary view. They 

argue that the economy is developed through constant change and evolution. This view 

understands economic change in the dynamic perspective as well as changes of various 

agents in the process. In particular, variety creation and market selection perform a key role 

in this process. 

Many heterogeneous firms coexist within the industrial ecology, and the market chooses 

the ones that are most suitable for the environment. The chosen firms survive and grow, 
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whereas others lose market share and exit the market. This is discussed with the principle 

of “growth of the fitter” (Coad, 2009). 

 

        δ𝑥𝑖 = α𝑥𝑖(𝐹𝑖 − �̅�)                (2.7) 

 

where δ is infinite interval (t, t+δt), and 𝑥𝑖 is the market share of firm i. 𝐹𝑖 is the fitness 

of firm i, and �̅� is the average fitness in the industry. In general, fitness is measured with 

profitability and productivity. According to Eq. (2.7), firms with high fitness show increase 

in market share, but those with below-average fitness show decrease in market share. 

The difference in fitness among firms originates from the difference in their capabilities 

and learning (Capasso et al., 2009). In particular, the evolutionary economic theory 

emphasizes the firm-specific routine, which is like the genes of the organization (Nelson 

and Winter, 1982). As genes determine a person’s behaviors and form, the routine of an 

organization determines its behaviors and strategies. Organizational routine is formed 

based on its own experiences and learning, and the firm acts based on its routine when 

facing problems. Organizations cannot experience and learn various fields due to bounded 

rationality. Thus, they form firm-specific routines based on their own learning and 

experiences within limited information. Firms with routine fit for the environment under 

selective pressure produce excellent results, while others lose their competitiveness. A 

firm’s unique routine is difficult to be imitated by others, which is how the excellent results 

last for a long time. 

 

 



39 

 

 Empirical evidence of firm growth 

This section examines the results of empirical analysis that investigated the role of 

innovation as a driving force of firm growth. As examined in the theoretical background 

above, growth heterogeneity among firms is caused by firm-specific factors such as 

routines, resources and knowledge. The routines, resources and capabilities with 

competitive advantage are determined by innovation, which is why innovation performs a 

significant role in firm growth. 

 

2.1.3.1 The effect of innovation on firm growth 

Measuring innovation at the firm level is still a controversy, and various indicators are 

used in empirical analysis. Conventional indicators of innovation included R&D 

investment6  and patent. R&D investment is considered not only an activity (input) for 

innovation but also outcomes of innovation itself. Patent is a means to protect technological 

knowledge and indicates generated knowledge itself, which is why it is most commonly 

used as an innovation indicator (Nagaoka et al., 2010). Recently, as many firm databases 

have been established, a greater variety of innovation indicators are being used such as the 

number of patent citations, new products, process improvement and sales ratio of new 

products. 

The contribution of innovation to firm growth was analyzed using these indicators. First, 

let us look at a study investigating the effects of innovation on the conditional mean of firm 

growth rates. Table 2-2 is a brief summary of the empirical findings from previous studies 

                                            
6 Previous studies on R&D investments and firm growth are summarized in detail in Chapter 3. 
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(on sales and employment growth). In general, innovation has a significant positive effect 

on firm growth. Innovative firms can be rewarded with growth premium from the market. 

However, the results are still ambiguous depending on various innovation indicators and 

firm growth indicators. 

Firms increase their market share by releasing new technologies and products that have 

advantage over their competitors. Therefore, many studies tried to reveal the role of 

innovation at the center of sales growth, and as a result, innovation generally had a positive 

effect on sales growth. However, some studies showed that there was no significant effect 

between innovation and sales growth, and in some cases innovation even hindered sales 

growth. Geroski et al. (1997) analyzed British conglomerates and found that there was no 

significant correlation between the number of patents and sales growth. Innovation has high 

uncertainty and requires high costs. In particular, even if firms discover a new technology, 

they are likely to fail before the technology is commercialized and accepted by the market. 

Firms that failed to achieve innovation may show lower growth than firms that did not even 

attempt innovation. In reality, most firms fail to succeed while only a few end up innovating. 

As a result, innovation may not result in firm growth on average. 

The effect of innovation on employment growth is more complicated. In particular, the 

effect varies depending on the type of innovation. In general, product innovation has a 

positive effect on employment, while process innovation has a negative effect. New 

products generate new demands, but process innovation replaces human resources with 

machines (technological unemployment). Peter (2004) analyzed German firms and verified 

the decrease in employment due to the displacement effects of process innovation. Some 

studies argue that even though process innovation directly reduces employment, the 
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indirect effect (compensate effect) may rather lead to an increase in employment. Harrison 

et al. (2014) analyzed the effects of product and process innovation on employment growth 

among French, German, Spanish and British firms. Product innovation reduces 

employment due to decreased sales of existing products, while also creating new jobs 

according to the increased demand for new products. As a result of analysis, the decrease 

in employment from existing products was merely 1/3 of the increase in employment from 

new products. Moreover, process innovation replaces employment, but the productivity 

increase of existing products and demand increase according to lowered prices provide a 

greater compensation for such replacement. As a result, both product and process 

innovation increase employment. In this aspect, the effects of innovation on employment 

growth still need to be discussed 

Innovation affects productivity with effects such as increased efficiency and reduced 

costs. Crépon et al. (1998) proposed a model to analyze the contribution of innovation to 

productivity growth (CDM model). Based on the knowledge production function, the series 

of processes are revealed in terms of how innovation decision affects innovation input 

(R&D intensity), how innovation input affects innovation output (number of patents, new 

product sales), and how innovation output affects firm performance (productivity). This 

model was used to conduct various studies, and in general, innovation output has a positive 

effect on productivity increase of firms (Morbey and Reithner, 1990; Crépon et al., 1998; 

Cainelli et al., 2006; Griffith et al., 2006; Lööf and Heshmati, 2006; Kannebley et al., 2010; 

Castellacci, 2011; Hashi and Stojčić, 2013; Harrison et al., 2014; Wadho and Chaudhr, 2018) 

Not all innovation has the same novelty and values. Most patents do not have 

technological value and only a few patents create most of the economic value. Therefore, 
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if innovation is measured by just the number of patents, the contribution of innovation to 

firm growth may be underestimated. The contribution was analyzed using the number of 

patent forward citations to consider the value of innovation. Furthermore, commercial 

success is also understood as innovation, such as the ratio of new product sales out of total 

sales. Colombelli et al. (2013a) analyzed French firms and found out that firms with high 

new product sales ratio out of total sales achieved higher sales growth. Recently there are 

many studies investigating the effects of complementarity on firm growth through 

complementarities of innovation activities (Bianchini et al., 2018). Innovation in a firm 

does not appear in a single form, and thus it is necessary to understand complementarity 

among different forms of innovation. 

Innovation has high uncertainty, but once succeeded, it will bring remarkable results to 

the firm. Therefore, there are many efforts to investigate the role of innovation as a factor 

that determines high growth. Related studies are generally based on comparative analysis 

of innovation level and type between high-growth firms and others. Table 2-3 shows a 

summary of the findings on high growth and innovation. The analysis is conducted in two 

following ways. First, probit model is used to determine the factors affecting the probability 

of becoming high-growth firms. This analysis regards high growth as a discrete event, and 

comes up with strategic factors affecting the occurrence of the event in comparison with 

the state or firm in which the event does not occur. In general, firms with higher innovation 

activities are more likely to achieve high growth. Even firms in a low-tech industry are 

likely to achieve high growth. However, different aspects are found depending on the type 

of innovation. According to Segarra and Teruel (2014), internal R&D has a significant 

effect on high growth, whereas external R&D does not affect high growth at all, which 
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implies that it is important to build the internal innovation capabilities. Second, high growth 

is to be understood based on the assumption that the determinants of growth vary according 

to the location of the growth rates distribution. OLS is based on the conditional mean of 

dependent variable given independent variables, and thus changes in determinants cannot 

be identified by the location of conditional growth rates distribution. To overcome this 

limitation, quantile regression analysis can be used to examine how the effect of 

independent variables on each quantile of the dependent variables is changing (Koenker 

and Bassett, 1978).7 This method is recently used in many studies to determine the effects 

of innovation on high growth (Coad and Rao, 2008; Falk, 2012; García-Manjón and 

Romero-Merino, 2012; Czarnitzki and Delanote, 2012; Capasso et al., 2015; Coad et al., 

2016). Coad and Rao (2008) was the first to reveal the relationship between innovation and 

firm growth using quantile regression analysis. According to them, a firm may achieve high 

growth if innovation turns out successful, but if failed, this will lead to low growth. 

According to Capasso et al. (2015), successful innovation has a positive effect on not only 

short-term high growth but also mid-term high growth for 4 years. Goedhuys and 

Sleuwaegen (2010) analyzed African firms and found out that product innovation has a 

positive effect on high growth, whereas process innovation has a negative effect. 

                                            
7 Quantile regression analysis is summarized in detail in Chapter 4 (Section 4.3.3). 
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Table 2-2. Previous studies on the relationship between innovation and firm growth 

Proxy Sales growth Employment growth 

R&D, Patent 

(+) Morbey&Reithner(1990); Dowling&McGee (1994); Del 

Monte&Papagni(2003); Falk(2010); Castellacci (2011); 

Filatotchev&Piesse(2009); Rafiq et al.(2016); Lome et al. (2016);  

Segarra&Teruel(2014); Ipinnaiye et al.(2017); Spescha(2018); 

Bianchini et al.(2018) 

(+) Greenhalgh et al. (2001); Yasuda(2005); Yang & Huang(2005); 

Stam&Wennberg (2009); Falk(2010); Greenhalgh et al.(2001);    

Coad&Rao(2011); Bogliacino et al. (2012); Capasso et al.(2015); 

Segarra&Teruel(2014); Belenzon&Patacconi(2014); Di Cintio et 

al.(2017) 

(−) Narin et al.(1987); Artz et al.(2010); Nunes et al.(2012) (−) Brouwer et al.(1993) 

(∙) Geroski et al. (1997); Niosi (2003) (∙) Klette&Førre(1998); Niosi (2003); Oliveir& Fortunato(2016) 

New product 

(+)Roper(1997); Goedhuys&Veugelers (2012); Morone&Testa(2008); 

Corsino&Gabriele(2010); Colombelli et al.(2013a) 

(−) Freel&Robson(2004) 

(+) Peter(2004); Calvo(2006); Goedhuys&Sleuwaegen(2010); 

Benavente&Lauterbach(2008); Harrison et al.(2014) 

(∙) Santi&Santoleri(2017); Bianchini et al.(2018)  

New process 

(+)Kannebley et al.(2010); Morone&Testa(2008); Colombelli et 

al.(2013a); Santi&Santoleri(2017) 

(−) Bianchini et al.(2018) 

(+) Kannebley et al.(2010); Harrison et al.(2014); Calvo(2006) 

(−) Goedhuys&Sleuwaegen(2010); Peter(2004) 

(∙) Blanchflower&Burgess(1998); Benavente&Lauterbach(2008) 

Sales of new product (+) Colombelli et al.(2013a); Spescha &Woerter(2018)  

Notes: (+)= Positive relationship, (−)= Negative relationship, (ㆍ)= No relationship 
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Table 2-3. Previous studies on the relationship between innovation and high-growth 

Authors Data Method Main results 

Coad and Rao 

(2008) 

USA 

(1963-1998) 

Quantile 

regression 

Successful innovation leads to high growth, but 

failed innovation leads to low growth 

Mason et al. 

(2009) 

UK 

(2002-2005) 

Quantile 

regression 

Innovative firms grow twice more rapidly than 

non-innovative firms in terms of sales and 

employment 

Stam and 

Wennberg 

(2009) 

Netherlands 

(1994-2000) 
OLS 

R&D investments in new firms play a 

significant role in high growth 

Goedhuys and 

Sleuwaegen (2010) 

Africa 

(2002-2005) 

Quantile 

regression 

Product innovation has a positive effect on high 

growth, whereas process innovation has a 

negative effect 

Segarra and Teruel 

(2014) 

Spain 

(2004-2008) 
Probit model 

Internal R&D has a positive effect on high 

growth, whereas external R&D does not have 

an effect 

Capasso et al. 

(2015) 

Netherlands 

(1996-2006) 

Quantile 

regression 

R&D investment has a positive effect on high 

growth for 4 years (mid-term) 

Goedhuys and 

Sleuwaegen (2016) 

Belgium 

(2008-2011) 

Probit model/ 

Quantile 

regression 

Firms with more R&D activities are more 

likely to become high-growth or low-growth 

firms 

Bianchini et al. 

(2016) 

Spain 

(2004-2011) 

Quantile 

regression 

Integration of both internal R&D and product 

innovation or product innovation and process 

innovation has a positive effect on high growth 

with a complementary effect 
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2.1.3.2 The effect of innovation on firm growth depending on the context 

Research has been conducted to find factors moderating the effect of innovation on firm 

growth. Innovation performance shows context-dependent (Rosenbusch et al., 2011; 

Audretsch et al. 2014). More specifically, it varies depending on the context such as firm 

characteristics and environmental conditions. As learning outcomes turn out different 

depending on the person or environment despite the same efforts, the same innovation 

activities may have different effects on firm growth. Related empirical evidence can be 

summarized as follows. 

First, organizational structure, behaviors and strategies are determined by firm size. Thus, 

there is a difference in innovation performance depending on firm size. According to Cohen 

and Klepper (1996), large firms can spread the fixed costs required for innovation activities 

and thus can carry out R&D projects at a low cost, and generate higher profits using their 

excellent resources and workforce. Furthermore, conglomerates can maximize innovation 

performance using complementary assets. On the other hand, SMEs spend high costs in 

external financing for innovation activities and have little complementary assets, thereby 

showing low contribution to firm growth through innovation. On the contrary, large firms 

generally show slow commercialization of innovation due to inertia and bureaucracy, 

whereas SMEs can quickly respond to the changing technological environment and enjoy 

higher performance from innovation as a first mover (Belenzon and Patacconi, 2014). 

Second, innovation performance also varies by firm age. There are two conflicting effects 

of why firm age moderates the contribution of innovation to firm growth (Coad et al., 2016; 

Sørensen and Struart, 2000). In general, firms accumulate knowledge and resources as they 

get older. Moreover, they have also built up reputation based on their experience in coping 
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with uncertainty and relationships with various partners. The more mature firms become, 

the more profits are generated from innovation due to the learning effect. However, there 

is also obsolescence effect in older firms. The organizational routine that had already been 

formed makes it difficult to accept change and hinders learning of new things, which 

reduces profits obtained from innovation. Therefore, the moderating effect of firm age 

varies in the relationship between innovation and firm growth depending on the absolute 

size difference of these two effects. In Rafiq et al. (2016), R&D investments had a positive 

effect on sales and profits as the firm age increased (learning effect > obsolescence effect). 

The point at which R&D investments have a positive effect on sales and profits is 37 years 

and 22 years respectively after market entry. In addition, according to Coad et al., (2016), 

younger firms generally have low profits from R&D investments, but some firms achieve 

high growth through R&D investments. Younger firms may have negative profits from 

innovation due to lack of learning effect, but if their innovation succeeds due to their quick 

response to changes, they can achieve high profits. 

Third, innovation performance is determined by accumulated knowledge. With greater 

knowledge accumulated, firms have more absorptive capacity. Absorptive capacity refers 

to the ability to perceive, transform, absorb and use technological opportunities, and has a 

positive effect on knowledge exploration and organizational learning (Cohen and Levintal, 

1990). Firms with high absorptive capacity can perceive and develop opportunities from 

R&D activities, and can absorb the generated knowledge within the organization. Therefore, 

the same innovation efforts may lead to different performance depending on the firm’s 

accumulated knowledge. 

Finally, national environment causes differences in innovation activities, creation and 
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expansion of firms among, while also moderating the effect of innovation on firm growth. 

According to the evolutionary economics, in a national environment where the market 

selection mechanism does not operate properly, innovative firms and non-innovative firms 

are not precisely distinguished from each other, thereby not showing positive effect of 

contribution (Demire and Mazzucato, 2009). 

According to Hölzl (2009), countries with high technological capabilities show a market 

selection mechanism that is friendly to innovative firms. He analyzed SMEs in 16 European 

countries and discovered that innovation has a critical effect on high growth only in firms 

that belong to technology frontiers countries (e.g. Germany, Sweden). This implies that it 

is necessary to first establish an innovation-friendly environment to promote innovation 

activities of firms. Cultural gap is also important. According to Rosenbusch et al. (2011)’s 

meta-analysis, firms in countries with low individualism showed increased positive effect 

of innovation on firm growth. Lower individualism leads to active cooperation and 

communication in R&D and even commercialization, thereby maximizing innovation 

performance. 

In sum, innovation performance is quite context-dependent and thus requires a more 

strategic approach rather than making attempts without consideration. 

 

2.1.3.3 Coevolution of innovation and firm growth 

Some studies explore the process of coevolution beyond the one-sided effect of 

innovation on firm growth. In other words, innovation activities not only affects future firm 

growth, but also is affected by firm growth in the past. 

Coad and Rao (2010) determined the dynamic relationship between firm growth and 
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R&D investment with the panel VAR (vector autoregression) model. As a result of 

analyzing US manufacturers, increase in sales or number of employees leads to increase in 

R&D investments in the following term. Growth leads to reinvestment for future growth. 

Furthermore, the dynamic relationship between innovation and firm growth is investigated 

to understand the virtuous cycle for sustainable growth. Bogliacino et al. (2017) determined 

the structural relations among innovation input (R&D investment per working hour), 

innovation output (sales from innovative products per working hour), and economic 

performance (sales per working hour). The results showed that innovation input had a 

positive effect on innovation output, which had a positive effect on economic performance. 

Then, economic performance went back to increasing innovation input, thereby forming a 

virtuous cycle. 

Based on this discussion, there is a need to implement policies to induce reinvestment in 

innovation activities for future growth. According to Kang et al. (2017), a firm’s 

technological capability is important in understanding coevolution between innovation and 

firm growth. When sales increase, firms with high technological capability tend to increase 

R&D investments, but those with low capability tend to maintain the current investments. 

On the other hand, when sales decrease, firms with high technological capability tend to 

maintain R&D investments, whereas those with low capability tend to reduce the 

investments. According to the results, there is a need for support to enhance the 

technological capability of firms in the long run rather than providing one-time R&D 

investment support, in order to form a virtuous cycle for sustainable growth. 
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 Stylized facts of Korean manufacturers 

This section aims to examine the stylized facts on firm growth and innovation of Korean 

manufacturers. Most of the research on firm growth were conducted in developed countries, 

and there is not enough to identify empirical evidence in a Korean context. This section not 

only uses public datasets, but also constructs unique datasets at the firm-level. 

Figure 2-4 shows the growth distribution of Korean manufacturing firms. most firms 

show the growth rates close to 0 in both distributions, with only a few firms experiencing 

high growth. The tent shape distribution does not change regardless of growth indicators 

and years. It is consistent with empirical evidence from previous studies. 

Let us look at high-growth firms located at the extreme right of the distribution. 

According to 『Business Demography Statistics』, high-growth firms8 account for 1.7% 

of all manufacturing firms in 2016. Among high-growth firms, 29% are those aged less 

than 5 years. Moreover, Bae et al. (2016) found that high-growth firms with less than age 

20 account for 53 %. Given that the average age of high-growth firms in the US is 25 years, 

Korea has relatively high growth rates of startups (Acs et al., 2008). In terms of firm size, 

high-growth firms account for the largest portion of firms with 100-300 employees (Bae et 

al., 2016). This evidence implies that high growth in Korea is mostly seen in SMEs and 

new firms. 

                                            
8  High-growth firms are defined as firms with more than 20% annual growth in sales or employment over the 

past three years. 
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(a) Sales growth 

 

 

(b) Employment growth 

Source: The Survey of Business Activities (annual data) 

Figure 2-4. Growth distribution of Korean manufacturing firms 
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The degree of growth persistence is examined. Table 2-5 is the transition probability 

matrix, which can be understood how growth/decline states change between the period    

t – 1 and t. The analysis confirms the positive persistence of growth. That is, if a firm grows 

in period t – 1, it is likely to grow in t. Furthermore, Table 2-5 is the transition probability 

matrix by firm size.9 Small firms have relatively large growth fluctuation. But once they 

grow, they continue and grow rapidly. Moreover, small firms are less likely to fall into low-

growth than other firms. In the case of large firms, the probability of sustaining growth 

momentum is relatively high. But the probability of falling into low-growth traps is also 

high, which implies that growth stall is seen when firm size increases. 

 

Table 2-4. Transition probability matrix (percentage) 

        T 

   T-1 
Decline Growth 

Decline 40 60 

Growth 34 66 

      

Table 2-5. Transition probability matrix by firm size (percentage) 

      T 

 T-1 

Small firm Medium firm Large firm 

Decline Growth Decline Decline Growth Decline 

Decline 33 68 41 59 43 57 

Growth 35 65 36 64 31 69 

Source: The Survey of Business Activities (annual data) 

                                            
9 Firm size is divided according to standards that were implemented in 2015. That is, small firm is classified 

under 10 billion won (10 million dollars) in terms of average annual sales, 10 billion won over and 100 billion 

won (100 million dollars) as medium firm and more as large firm. 
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  Similar results can be seen in the relationship between firm size and growth rate. Figure 

2-5 shows a scatter plot showing the relationship between firm size and growth rate. Each 

dot represents a firm. It shows a relatively high growth when firm size is small, and growth 

rate gradually decreases as the size increases. 

 

 

    Source: The Survey of Business Activities (annual data) 

Figure 2-5. Relationship between firm size and growth rate 

 

The growth stagnation of Korean manufacturing firms can be confirmed in related 

research. According to Lee (2015), only seven out of one million SMEs in Korea are likely 

to grow into large firms. Shin (2010) found that once a firm begins to stagnate, 59% of 

firms continue to stagnate in the next period. After two consecutive years of stagnation, the 

probability of being stuck again rise to 68%. As can be seen from the empirical evidence 

and previous literature, a majority of Korean firms faces and continues to declining their 

growth rates. As a result, industrial dynamics are declining and market competition has 

been substantially weakened. 
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There is still little discussion about when growth stall (long-term growth decline, 

stagnation) occurs and how it should be overcome. This section tracks sales and 

employment growth paths for each firms over at least 15 years since entry to 780 new firms. 

In order to examine growth stall of each firm, it is necessary to identify the presence of stall 

points, from which growth stall begins. The point that satisfies the following conditions is 

defined as a stall point. At a certain time of each firm [t], i) compound annual growth rate 

(CAGR) in the last three years [t - 2, t] is 1% or more (growth phase), ii) CAGR in the next 

three years [t, t + 2] less than 1% (decline phase) and iii) the biggest point of difference 

between i) and ii) is the stall point. Table 2-6 is a result of tracking sales growth paths of 

each firm. 715 firms (92%) experienced growth stall (stall point observed). That is, most 

new firms fail to sustain growth. After survival, new firms are hard to sustain growth. About 

49% of the firm experiencing growth stall overcome it and get new growth momentum, but 

the remaining 43% cannot overcome (continue to decline or exit). Similarly, stall points 

were identified in 691 firms (89%) based on employment growth paths, and 46% among 

them failed to overcome growth stall. 

 

Table 2-6. Firm classification by growth patterns 

Total firms Growth paths Growth patterns 

780 

(100%) 
Sales 

Sustainable growth firm: 65(8%) 

Growth stall firm:  

715 (92%) 

Non-overcoming firm: 333 (43%) 

Overcoming firm: 382 (49%) 
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Figure 2-6 shows the distribution of points where growth stall starts (i.e., stall point) 

based on age, sales, and number of employees, respectively. Most of growth stall starts at 

around (a) 10 years of age, (b) $ 20 million in sales, or (c) 100 employees. In order words, 

a sharp decline in sales starts around these periods. 

 

 

(a) Age 

 

             (b) Sales                 (c) Number of employees 

Figure 2-6. Distribution of stall points 
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Next, this section examines response strategies of firms that overcome growth stall and 

those that cannot. Figure 2-7 shows R&D activities before and during the stall for each 

group. Firms that have overcome growth stall increase their R&D investment for searching 

new opportunities during the stall (compared to the previous period). As a result of 

increasing R&D investment while sales have decreased, R&D intensity has increased 

dramatically. Conversely, firms that fail to overcome the stall sharply decrease their R&D 

investment during the stall period. Figure 2-8 shows the searching strategy (exploration) 

between groups. In the case of firms overcoming growth stall, patents in new IPC domains 

(exploration), which have not been explored in the past, tend to increase. Conversely, firms 

that fail to overcome it tend to exploit their existing knowledge domains (exploitation) 

during the stall. It implies that efforts to explore new area are needed for gaining the growth 

opportunities. In addition, it is confirmed that overcoming firms continue to growth for 

more than 10 years after the overcome. 

In sum, small and new firms have high growth rates. However, most firms fail to 

maintain their high growth and experience growth stall as firm size increases. Significant 

declines in growth momentum have reduced incentives for potential entrepreneurs to enter 

the market. Therefore, it is necessary to create an environment where competitive 

companies can continue to grow. In particular, Strategic and policy efforts are required to 

induce innovative activities so that growth stall firms can find new growth opportunities. 
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Figure 2-7. Time trend of R&D activity 

 

 

Figure 2-8. Time trend of searching strategy 
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 Limitations of previous studies 

Heterogeneity of growth among firms is high and lasting. Studies are actively being 

conducted in theoretical and empirical aspects to determine the mechanism of this 

phenomenon. Among them, innovation is a key driving force of firm growth as it enables 

firms to obtain and accumulate capabilities and knowledge to secure competitive advantage. 

Empirical evidence established from various methodologies and datasets supports this fact. 

Based on the findings, various innovation strategies and policies are discussed and 

established for firm growth. 

However, there is still not a complete understanding of the effects of innovation on firm 

growth. An example can be the present situation in Korea. As examined in Chapter 1, 

Korean firms are showing constant decrease in technological competitiveness and growth 

rates despite the increase in innovation activities. According to the conventional 

perspective, this phenomenon is due to the fact that market selection mechanism works 

toward the direction in which the industrial ecology cannot choose innovative firms 

(Demirel and Mazzucato, 2009). In other words, this is viewed only as a problem in the 

external environment. However, this perspective still does not explain why some innovative 

firms grow and others do not even within the same environment. Let us examine some 

cases of firms more specifically. Table 2-7 is a case of comparing two Korean 

manufacturers. The two firms are similar in terms of industry, firm age and size, as well as 

R&D intensity. However, the two firms have completely different growth rates. In 1994-

2007, Firm A shows high (average) growth rate, whereas Firm B shows negative (average) 

growth rate. As such, the conventional perspective cannot explain why the two firms have 

different growth rates even though they have the same firm characteristics and similar level 

of innovation activities. 
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Table 2-7. Case: Comparison between firms 

Firm characteristics Firm A Firm B 

Industry Computer, electronic and network products 

Age 8 7.6 

Annual average 

(1994-2007) 

Sales $ 9.3 million $ 10.5 million 

R&D intensity 1.49% 1.34% 

Growth rate 36.3% -16.2% 

 

Figure 2-9 shows the relationship between R&D investment and firm growth rates for 

each firm. Firm C shows an increase in firm growth rates as they increased their R&D 

investments. On the other hand, Firm D shows a decrease in firm growth despite their 

increase in R&D investments. As shown in this case, the conventional perspective cannot 

explain why some firms grow and others do not even when R&D investments are increased. 

 

 

          (a) Firm C                      (b) Firm D 

 Source: KIS-value 

Figure 2-9. Case: Comparison within firms 

 

-1
-.

5
0

.5

F
ir
m

 g
ro

w
th

 r
a

te
s

0 2 4 6 8 10

R&D intensity (%)



60 

 

The last case is examined the relationship between knowledge stock and firm growth. 

Knowledge stock represents how much technological knowledge is accumulated in each 

firm, and this is measured with Perpetual Inventory Method (PIM) that is commonly used 

in previous studies. More specifically, it is estimated by applying 15% obsolescence rate 

based on the number of patents applied after entry. Figure 2-10 shows the scatter plot 

showing the relationship between knowledge stock in 2009 and firm growth rate in 2010. 

Even though this figure is a univariate graph that did not control various effects on firm 

growth, it shows that there are various growth rates even with the same knowledge stock. 

Moreover, there are cases in which growth rates decreased despite the large knowledge 

stock. 

 

 

       Source: Unique dataset 

Figure 2-10. Case: Relationship between firm knowledge stock and growth 

 

As examined in the previous case, the relationship between innovation and firm growth 

is still not understood systematically. The conventional perspective cannot explain the 
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aforementioned cases because it merely considers the level of innovation activities as a 

dimension to understand heterogeneity of innovation routines among firms. In other words, 

the discussion is based on the assumption that the quantitative difference of innovation 

activities among firms affects how much capabilities and knowledge are accumulated, 

which ultimately determines firm growth. Figure 2-11 shows the distribution of firm R&D 

intensity. Within the same industry, most firms are not engaged in R&D activities or make 

small investments, whereas a few firms make great investments. In the end, this gap in 

R&D activities leads to heterogeneity in firm growth.10 There have been discussions based 

on quantitative difference in other innovation-related indicators such as patents and new 

products (Colombelli and Quatraro, 2014). For example, it is based on the research question, 

“Does a firm grow if it applies for more patents (or release more new products)?” 

 

 

        Source: Cohen and Klepper (1992) 

Figure 2-11. Distribution of firm R&D intensity 

 

                                            
10 Previous literature and empirical evidence are summarized in Chapter 3. 
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Previous studies that emphasize the quantitative aspect of innovation activities are based 

on the assumption that quantitative difference determines the level of knowledge 

accumulation. However, unlike capital, knowledge cannot be accumulated just by making 

a great deal of effort within a short period of time (Dierickx and Cool, 1989).  In other 

words, knowledge accumulation is an outcome of persistent and long-term effort. Rather, 

more knowledge can be accumulated depending on how persistent one can be, even if there 

is only little quantitative effort. It is necessary to consider persistence of innovation 

activities as a new dimension to understand the innovation routine of firms. The following 

section will examine this in detail and set the direction for this research. 

 

 

2.2 Persistence of innovation activities 

 

 Knowledge accumulation and persistence 

Firms evolve as they create and accumulate knowledge (Schumpeter, 1942). It is 

necessary to understand how they create and accumulate technological knowledge in order 

to understand them (Cantwell and Fai, 1999). The research for the process of firms’ 

knowledge accumulation is as follows. The first is the random accumulation process of 

knowledge within the firm. According to Denrell (2004), a firm’s competitive advantage 

is determined by luck rather than initial resources. In other words, firms randomly invest 

resources, and accumulation and even competitive advantage turn out different depending 

on luck. In this view, how the resources are invested to efficiently accumulate knowledge 
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is not important. The second is that strategic resources are accumulated by the firm’s 

intention (resource accumulation theory; Knott et al., 2003). Firms accumulate knowledge 

based on their own strategies and routines, which results in the difference in knowledge 

accumulation among firms. There are conflicting arguments in terms of efficient process 

of knowledge accumulation (Kang et al., 2017). First, knowledge accumulation strategies 

must change constantly. In this perspective, retaining the same strategies means not 

promptly dealing with change. According to Mudambi and Swift (2011), firms that are 

proactive R&D management tend to show changes in R&D investments every year. 

Moreover, keeping up innovation activities leads to the rigidity trap of learning, which is 

why it is important to make efforts to change. The opposite argument emphasizes the need 

for consistent knowledge accumulation strategies. According to Dierckx and Cool (1989), 

knowledge accumulation is a result of accumulation under a consistent commitment for a 

long time. Knowledge accumulation is different from capital accumulation. It is possible 

to implement and acquire capital from the outside because it can be traded by the factor 

markets, but intangible assets like knowledge require persistent learning through trial-and-

error. One of the reasons why technology M&A fails is because reckless adoption of 

technology without the experience causes difficulty in absorption and integration in the 

organization (Sears and Hoetker, 2014) 

This research emphasizes the importance of persistence of innovation activities in order 

for firms to accumulate technological knowledge. Studies discussing the volatility of 

innovation activities emphasize it as one of firm strategies, but they lack understanding in 

terms of knowledge accumulation. 

Let us look into some theories in education to expand the discussion. The theories of 
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educational psychology understand the process of accumulating knowledge through 

learning and examine the effects on success and failure. These theories have long been 

striving to reveal why there is a difference in learning, performance and success among 

people. Earlier studies tried to explain the gap in performance with inborn nature such as 

natural talent or more efforts made than others such as amount of practice. As a new 

alternative, there have been discussions to explain the performance gap in terms of 

persistence. These discussions can be summarized as follows. First, performance gap 

comes from persistent study (practice). Previous studies argued that workload (amount of 

learning) leads to performance gap, which is why the main interest was in how much is 

learned. However, the more important thing is how persistent and consistent one is in his 

or her learning. StGeorge et al. (2012) studied how individual faith and attitude in 

practicing piano affects the learning patterns, and whether this leads to improved skills. 

Depending on learning patterns, individuals can be categorized into those who consistently 

practice a certain amount every day (constructive learner), those who consider practice 

merely as repetition and do not practice consistently (expedient learner), and those who 

practice for a short time by concentrating due to lack of self-regulation (impetuous learner). 

In the end, improved piano skills are determined by these patterns. Constructive learner 

showed the biggest improvement, whereas impetuous learner showed the poorest. Similarly, 

according to Vermeulen (2009)’s experience, practicing cello every day led to better results 

than otherwise, even with the same amount of practice altogether for a week. These cases 

show that while how much time is invested in learning is also important, how persistent 

one has been in his or her efforts every day is also a significant matter to consider. 『GRIT』 

by Angela Lee Duckworth emphasized that the key to success is in the power of enthusiastic 
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persistence, not in talent or environment. Those who persistently make efforts to achieve 

their goals will end up succeeding. The author proved this with various case studies. Second, 

it is important to put in persistent effort in one specific field. 『Outliers』 by Malcom 

Gladwell insisted the need for at least 10,000 hours of experience in one field in order to 

succeed. Similarly, the Ten Year Rule also claims the need for at least 10 years of 

preparation. This was proved in various fields. According to the survey on 120 classical 

music composers by Simonton (1991), they composed notable pieces 17-22 years after their 

first formal education. Kaufman and Kaufman (2007) analyzed novelists and discovered 

that to publish their best work, it takes 10.6 years on average from the publication of the 

first book. In sum, recent theories in educational psychology emphasize that persistent 

learning and effort lead to more knowledge accumulation and ultimately result in success. 

Success is determined by consistent and persistent effort, not by talent that cannot be 

overcome. 

This research will expand the discussion of the theories in educational psychology and 

apply this to the firm level, thereby revealing that it can be understood in terms of 

knowledge accumulation of firms. More specifically, this research will reveal the 

importance of persistence as the core mechanism for accumulation of technological 

knowledge. The following section will examine in detail the theoretical background in 

which persistence of innovation activities is important. 

 

 Theoretical background for persistence of innovation activities 

This section examines the theoretical background in which persistence is important in 
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accumulation of technological knowledge. There are no generalized discussions because 

the view of persistence in innovation activities is not actively defined. This research 

examines the scattered discussions and arguments, and provide the logical foundation to 

understand the importance of persistence of innovation activities. 

 

2.2.2.1 Cumulativeness of knowledge 

Dierick and Cool (1989) argued that accumulation of intangible assets like knowledge 

shows time compression diseconomies, which presents that investment consistently during 

a certain period of time leads to better results than investment twice more in half the period. 

This indicates that knowledge is not accumulated properly just by investment a lot in a 

short period time, but is inevitably time-dependent (Cool et al., 2016) 

This is because knowledge has cumulativeness. Knowledge accumulation follows a 

series of consecutive processes, moving on to the next step only after passing the one before. 

All steps cannot be done at once (Cool et al. 2016). Therefore, new knowledge is created 

based on the knowledge accumulated from the past, and is accumulated by a certain 

trajectory (Malerba and Orsenigo, 2000). Moreover, there is increasing return due to the 

learning effect like learning-by-doing or learning-to-learn as knowledge is accumulated (Le 

Bas and Scellato, 2014; Knott et al., 2003; Dierick and Cool, 1989). Dierick and Cool (1989) 

claimed that this characteristic is important in accumulating intangible assets (asset mass 

efficiencies). Therefore, as emphasized in the creative accumulation process by 

Schumpeter (1942), firms that persistently accumulate knowledge can maintain 

competitive advantage for a long time. 

This property of knowledge is the reason why performance of firms varies even when 
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the same efforts are made. If there is a lot of knowledge already accumulated, new 

knowledge can be created efficiently based on that. Absorptive capacity can also be 

understood in this view. Firms with more cumulative knowledge and experience tend to 

have greater capacity to perceive, transform, absorb and use technological opportunities. 

Therefore, firms that persistently accumulate knowledge show high profits, which then lays 

the groundwork for creating new knowledge (Bogliacino et al., 2017). 

Knowledge is hard to transfer to different individuals, spaces and time periods (Dierick 

and Cool, 1989). In particular, unlike explicit knowledge, tacit knowledge is not acquired 

in a short period of time but is embodied only after the experience is accumulated for a 

long time. Therefore, intangible assets, which are like tacit knowledge, are results of 

accumulation under the consistent policy for a long time. 

 

2.2.2.2 Learning process 

Knowledge accumulation is based on learning process, and thus it is necessary to 

examine the properties of learning process in order to understand knowledge accumulation. 

First, learning process is path dependent (Cantwell and Fai, 1999). In other words, 

learning in the past determines the learning behaviors and directions in the present and 

future (Cohen and Levinthal, 1994). Changing the learning strategies without considering 

path-dependency is not efficient. 

Similarly, the second property is that quick short-term learning is followed by many 

restrictions. An organization can absorb and digest only a limited amount of knowledge 

within each unit period. And as previously mentioned, learning undergoes a series of 

continuous processes (Cool et al., 2016). This is why there are limitations in accumulating 
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knowledge efficiently when learning something quickly in short time. 

The third property is that knowledge is forgotten over time. The hypothesis of the 

forgetting curve shows how much knowledge is lost as time passes when there are no 

attempts to maintain the knowledge. Firms that learn persistently tend to forget little, and 

create new knowledge based on the one already accumulated. However, organizations that 

do not keep learning show a disconnection or hole in their knowledge. They have to learn 

the forgotten knowledge again or create new knowledge in forgotten state, which causes 

them to waste not only money but also time in learning. 

Finally, learning is accompanied by sunk costs. If a project stops before the results show 

up, it cannot retrieve the costs already used in the learning process until then. This is why 

it is important to learn persistently until the results show up. In fact, sunk costs affect R&D 

activities (Máñez et al., 2009; Máñez et al., 2015). According to Máñez et al. (2015), firms 

in an industry with high sunk costs are more likely to maintain R&D activities.  

 

2.2.2.3 Trial-and-errors 

Knowledge accumulation is accompanied by the process of trial and error. Organizations 

cannot find accurate solutions to problems at once due to bounded rationality, and thus they 

need the process to find good solutions by learning and changing through trial and error 

(Callander, 2011). In other words, they change their thoughts and beliefs through the 

information obtained in the exploration process, and predict the outcomes of other 

alternatives. This process is inevitable for knowledge accumulation and thus requires 

persistence in the long run. Knott et al. (2003) emphasized that intangible assets like 

knowledge must not be accumulated with haste. According to Coad and Lao (2010), R&D 



69 

 

investments do not instantly bring tangible results, and are most effective when made for a 

long time. Innovation activities are like a marathon (Jelinek and Schoonhoven, 1993). 

Firm competitiveness is not acquired without trial and error. Korean firms have thus far 

implemented the imitating strategy of technologies and knowledge developed by leading 

companies without mistakes. Their differentiation strategy was to produce quickly at a low 

cost based on low uncertainty. However, this strategy is no longer valid, and technological 

competitiveness is not improved even with more innovation activities. This is because they 

have not experienced trial and error or failure so far, and also not established specialized 

capabilities. Innovation that leads the market is an outcome of gradual and persistent 

development of certain capabilities (Cantwell and Fai, 1999). According to Lee (2017), the 

conceptual design capabilities of leading global firms come from experiences and 

knowledge accumulated for a long time after trials, errors and failures. As such, firms that 

endure a long period of trial and error and persistently end up securing competitive 

advantages. 

 

2.2.2.4 Routine 

According to evolutionary economics, firms show repeated and predictable behavioral 

patterns and strategies based on routines. The firm’s innovation capabilities and 

competitiveness are determined by the innovation routine (Nelson and Winter, 1982). 

Rapid changes in the routine lead to uncertainty and costs. In particular, the innovation 

routine requires high adjustment costs (Bernstein and Nadiri, 1989; Himmelberg and 

Petersen, 1994; Hall, 2002). Bernstein and Nadiri (1989) empirically found that R&D 

investment requires higher adjustment costs than capital investment. Change of researchers 
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generates high costs both directly and indirectly for the firm, because in addition to the 

employment and training costs. And there may be costs from the leakage of the firm’s tacit 

knowledge due to dismissal. According to Swift (2016), sudden changes in R&D 

investments may even threaten the survival of the organization. This is why firms must 

make efforts to minimize fluctuations and maintain R&D investments consistently (R&D 

smoothing; Himmelberg and Peterson, 1994; Brown and Petersen, 2011). 

 

 Empirical evidence of persistence of innovation activities 

There are some studies examining innovation activities in terms of persistence. They 

investigate 1) persistence of innovation activities, 2) determinants of persistence of 

innovation activities, and 3) relationship between persistence of innovation activities and 

firm performance. However, these studies are discussing persistence only in a narrow scope. 

This section examines previous studies that examined innovation activities in terms of 

persistence. 

 

2.2.3.1 The level of persistence 

Observing the persistence of innovation activities examines the probability of the effect 

of innovation activities in the past on the present (future) activities as shown in Eq. (2.8). 

This indicates that if firms with innovation activities are likely to carry out innovation 

activities later, there is persistence of innovation activities 

 

            𝑃(𝑋𝑖,𝑡|𝑋𝑖,𝑡−1)            (2.8) 
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Most related studies determined persistence of innovation activities with binary variables 

of innovation decisions (yes or no) such as R&D activities, patent applications or new 

product releases. Peters (2009) examined persistence of R&D activities among German 

firms. It was led by the question, “How likely it is for firms doing R&D activities in t-1 to 

keep doing R&D activities in t?” The result of analysis showed that firms that carried out 

R&D activities in t-1 were 72% more likely to carry out R&D activities in t than others, 

which showed the high persistence of R&D activities. This result was also found in Spanish 

manufacturers (Castillejo et al., 2004; Mañez et al. 2009). Some studies examined the 

difference in the persistence of R&D activities depending on the context. Woerter (2014) 

empirically analyzed the difference in the persistence of R&D investment depending on the 

market competition. The incentive to maintain R&D investment when there are 6-10 

primary competitors was strongest, while it was weakest when there are 50 or more 

competitors. In other words, the level of persistence showed an inverted U-shape depending 

on the number of competitors. Bloom (2007) analyzed the relationship between persistence 

and uncertainty. Higher uncertainty of internal and external environments faced by the firm 

led to stronger incentive to maintain R&D investment. Under uncertainty, firms are more 

likely to make caution effect, which encourage them to maintain investment in order to 

adjust it after watching the situation. 

Geroski et al. (1997) observed persistence in patent applications. Many firms showed 

low persistence of patents, and only a few firms showed high persistence. Cefis and 

Orsenigo (2001) determined the persistence of patents in firms of five countries using the 

transition probability matrix. In general, firms with many patents showed high persistence. 

In other words, a few firms consistently applied for patents every year. Cefis (2003) verified 
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similar results from 577 British firms. In terms of persistence of patents, most firms were 

sporadically creating knowledge. 

The difference in persistence is also examined according to innovation type (Clausen et 

al., 2012; Ganter and Hecker, 2013; Tavassoli and Karlsson, 2015). Tavassoli and Karlsson 

(2015) analyzed Swedish firms and found that there was persistence in both product and 

process innovation. Ganter and Hecker (2013) analyzed product innovation by categorizing 

it into new-to-the-market and new-to-the-firm. They discovered that first-to-market 

product innovation showed persistence, whereas first-to-firm product innovation did not. 

Some leading firms release first-to-the-market products continuously, but most of them do 

not keep up product innovation. 

Recently there have been discussions on examining the level of persistence in the 

qualitative aspect. Colombelli and Quatraro (2014) pointed out the limitations of research 

on persistence in the decision of innovation activities, and tried to reveal how persistent a 

firm’s knowledge base is. Variety, coherence and cognitive distance were considered for 

the knowledge base, and firms showed persistence in all three aspects. 

In sum, there are conflicting patterns in empirical studies on persistence of innovation 

activities. A few firms tend to sustain innovation activities, but many firms showed low 

persistence. This discussion merely determines the strategic behavioral patterns of firms, 

and this evidence is not enough to claim that firms keeping up innovation activities can 

secure competitive advantage. 

 

2.2.3.2 Determinants of persistence of innovation activities 

Studies have been conducted to reveal the reason for heterogeneous behaviors among 
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firms such as persistence, fluctuation in terms of innovation activities or no innovation.  

In particular, the main purpose is to figure out the firm characteristics and determinants to 

persist innovation activities. 

Previous studies determined the duration of innovation activities (innovation spell) for 

each firm, as well as factors affecting this duration. For example, if a firm has applied for 

at least one patent a year for 5 consecutive years (but not in the 6th year), the duration of 

innovation activities is 5 years. Triguero et al. (2014) revealed factors affecting the 

persistence of innovation activities in Spanish manufacturers. Firms tended to persist 

innovation activities for 5-6 years on average, and those with more accumulated knowledge 

and actively engaged in basic research are more likely to persist innovation activities. 

Moreover, firms that belong to an industry with technological opportunities and high 

appropriation showed innovation persistence. Similarly, Manez et al. (2015) examined the 

determinants of persistence of R&D activities in Spanish SMEs. Firms with larger R&D 

stock (learning effect), more product innovation, and are in an industry with high sunk costs 

tended to show high incentive to sustain R&D activities. Jang and Chen (2011) revealed 

factors affecting patent duration in Taiwanese IT manufacturers. The average patent 

duration of the analyzed firms was 2.18 years, and those with a larger stock of patents 

accumulated at an early stage tended to sustain innovation activities. This is because the 

more knowledge is accumulated, the more beneficial it is in creating new knowledge with 

the learning effect. In addition, industrial growth rates, firm size and profitability have 

positive effects on sustaining patent activities. Firms with good growth opportunities and 

investment conditions for innovation activities tend to sustain patent activities. 
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2.2.3.3 Persistence of innovation activities and firm performance 

The discussions in the two previous sections examined the behaviors of innovation 

activities. Such behavioral differences among firms affect not only knowledge 

accumulation but also competitiveness. A few studies investigated the effects of persistence 

on firm performance, but the empirical findings are still ambiguous. 

Cefis and Ciccarelli (2005) first investigated the effects of persistence of innovation 

activities on firm performance. The result showed that firms sustaining patents showed 

higher profit ratio. Johansson and Lööf (2010) investigated the effects of persistence in 

R&D activity decision on firm growth. They divided 2,895 Swedish firms into three types: 

persistent R&D firms that carry out R&D activities every year, temporary R&D firms that 

do not carry out R&D at least once, and non R&D firms that do not carry out R&D in all 

years. They found that persistent firms showed higher growth rates in all of sales, 

productivity and exports than others. Demirel and Mazzucato (2012) found that R&D 

investment has a positive impact on firm growth only on firms that continues to engage in 

patent activities. 

On the contrary, Mudambi and Swift (2011) insisted that persistence of innovation 

activities shows a negative impact on firm growth. They found that firms that actively 

respond to environmental changes tended to show volatility in R&D investment. As a result 

of examining US manufacturers, firms with high R&D volatility tended to show higher 

growth rates. 
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 Limitations of previous studies 

The level and competitiveness of knowledge accumulation vary depending on what 

innovation strategies are used to create and accumulate technological knowledge. Some 

studies emphasize the persistence of innovation activities as a strategy to accumulate 

technological knowledge. However, persistence of innovation activities is still observed 

peripherally. In other words, previous studies discuss persistence only in terms of whether 

there are R&D activities, patent applications or new product (manufacturing) releases. 

However, this discussion merely simplified innovation activities as a matter of decision. 

More specifically, R&D investments or number of patents may change every year even if 

R&D or patent activities are maintained. Moreover, the composition of knowledge in the 

qualitative aspect may change even if the same number of patents is applied in the 

quantitative aspect. 

To overcome these limitations, it is necessary to apply and expand the theories of 

educational psychology at the firm level and discuss the persistence of innovation activities 

more comprehensively. Moreover, there is insufficient research analyzing the effect of 

persistence of innovation activities on firm growth. The following section is suggested the 

directions of this research. 
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2.3 Linking persistence, knowledge accumulation and firm growth 

This research empirically examines that the effect of innovation on firm growth can be 

more systematically understood in terms of persistence of innovation activities. This is 

briefly summarized in the diagram in Figure 2-12. The following research questions can be 

established accordingly. 

 

 

Figure 2-12. Overview of empirical analysis 

 

(1)  What aspects can persistence of innovation activities be discussed? 

Previous studies on persistence of innovation activities examine in a narrow scope like 

innovation decision. Thus, only limited implications can be produced with regard to 

persistence of innovation activities. This research determines the importance of persistence 

in innovation activities within firms by R&D investments, knowledge composition, and the 

relationship between knowledge and product space. 
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(2) How does persistence of innovation activities affect knowledge accumulation and 

firm growth? 

This research considers persistence as a new dimension to understand innovation 

activities. In this view, this research examines whether there is heterogeneity among firms 

and which strategies result in firm growth. More specifically, it reveals that firms with 

persistent innovation activities are likely to have more competitive advantage than other 

firms, using various quantitative methods. 

 

(3) What is the relationship between persistence and level of innovation activities? In 

particular, what is the mutual effect on firm growth? 

Persistence is important does not necessary mean that the quantitative aspect of 

innovation activities is not. However, increase in quantity does not guarantee firm growth. 

Accordingly, this research determines the mutual effect between level and persistence of 

innovation activities, and with which strategy firms can obtain competitive advantage. 

 

(4) What implications does the perspective on persistence of innovation activities 

provide for innovation strategies and policies? 

Thus far, innovation strategies and policies had been focused on promoting and 

activating innovation activities. This research points out that blind faith with quantitative 

increase may rather hinder firm growth, and can be inefficient with limited resources. Based 

on the results of this research, it will be possible to propose specific innovation strategies 

and policies in terms of persistence. 
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 Relationship between R&D 

activities and firm growth: The level and 

volatility of R&D investment 

 

3.1 Introduction 

Firm growth is considered heterogeneous and persistent because accumulated 

knowledge is different among firms (Dierickx and Cool, 1989). In order to understand firm 

growth, it is necessary to understand the principles of how to explore and accumulate 

technical knowledge. 

For this reason, there has been significant research on identifying the relationship 

between innovation activities and firm growth. R&D investment is the outcome of 

innovation, as well as an input for innovation. Most empirical evidence shows a positive 

relationship between R&D activities and firm growth. Under certain contextual factors, 

R&D activities do not have a significant effect on firm growth or even show a negative 

effect, which is called the innovation paradox. 

Despite several studies, the literature still cannot explain the observed reality in the 

following cases, ceteris paribus: i) growth rates decrease even when R&D investment 

increases and ii) the growth rates of firms are different even if the same R&D amount is 

invested over a certain period. This problem is caused because the literature does not 

consider interfirm heterogeneity of innovative routines properly. 

According to evolutionary theory, it is important to understand the interfirm 
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heterogeneity of innovative routines to identify firm growth differences (Nelson and Winter, 

1982; Dosi et al., 2010). As such, there are many theoretical and empirical observations on 

the heterogeneity of innovation activities in firms. According to Cohen and Klepper (1992), 

industry R&D intensity distribution shows heterogeneity in that a small number of firms 

capture a large amount of R&D investment and many firms have small R&D amounts. 

Most previous studies that identify innovation activities and firm growth analyzed firm 

growth based on the quantitative differences between firms' R&D investments. In other 

words, these studies focused on the question “are firms with high R&D investment growing 

at a high rate?” 

However, previous research neglects the heterogeneity of the volatility of R&D 

investment among firms. R&D investment tends to show a smoothed path every year (i.e., 

R&D persistence). By contrast, according to DITR (2007), 75% of firms in Australia 

showed a trend of R&D investment that fluctuates every year (i.e., R&D volatility). 

Mudambi and Swift (2011) argues that R&D investment fluctuates each year for firms that 

conduct proactive management by exploring and exploiting in as a result of internal and 

external fluctuations. As such, R&D investment is either persistent or volatile over time. 

In the previous research that identified the relationship between R&D activities and firm 

growth, only the heterogeneity of the level of R&D investment was considered, without 

examining R&D volatility. Therefore, this chapter identifies the importance of R&D 

persistence by analyzing the interaction effects between the level and volatility of R&D on 

firm growth based on an empirical analysis of the Korean manufacturing firms. The results 

are as follows. First, firms with R&D persistence have higher growth rates. Second, a 

positive relationship is identified between R&D level and firm growth in firms with R&D 
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persistence. Third, even if R&D investment is small, firms with persistent R&D investment 

have higher growth rates than those with higher but volatile R&D investment over time. 

The findings suggest that the heterogeneity of innovation routines needs to consider not 

only the level, but also volatility of R&D investment simultaneously. This chapter thus 

attempts to understand the innovation paradox, which has not been hitherto explained and 

contribute to the creation of a strategy to maintain a certain R&D level from the long-term 

perspective. The findings also suggest innovation strategies and policies for sustainable 

firm growth. 

The remainder of this chapter is organized as follows. Section 3.2 reviews previous 

literature and draws the research hypotheses. Section 3.3 describes the data, models and 

method for the empirical analysis, and Section 3.4 presents the empirical results. Section 

3.5 confirms the robustness of the results, and, finally, Section 3.6 draws conclusion and 

implications. 

 

3.2 Literature review and hypotheses development 

 Level of R&D investment and firm growth 

The relationship between R&D investment and firm growth has been discussed in detail 

in the literature, with most studies emphasizing the quantitative aspects of R&D investment. 

Table 3-1 summarizes the previous studies that examined the relationship between the R&D 

level and firm growth. Generally, the empirical results show that the higher the R&D 

investment, the higher the growth rate (Wöhrl et al., 2009; Hall, 1987; Falk, 2012; Segarra 

and Teruel, 2014; Yang and Huang, 2005; Bogliacino et al., 2012; Lome et al., 2016). 
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Launching innovative products and processes in the market through R&D activities leads 

to higher firm performance. From Falk (2012)’s analysis on Austrian firms, R&D intensity 

has a positive effect on both sales and the employment growth of firms. The positive effect 

of R&D investment on firm growth gradually decreased as the firm age increased. However, 

R&D investment still plays an important role over the entire lifecycle in firm growth 

because innovation requires a continuous learning process, characterized by internal trial 

and error (Wöhrl et al., 2009). As R&D investment increases, the probability of becoming 

a high-growth firm increases as well (Stam and Wennberg, 2009; Segarra and Teruel, 2014; 

Capasso et al., 2015). The Crépon-Duguet-Mairessec (CDM; Crépon et al., 1998) model, 

which identifies the relationship between R&D, innovation, and firm performance, only 

emphasizes the importance of the R&D level. According to the CDM model, the greater 

the R&D level, the more innovation occurs and firm productivity increases (Castellacci, 

2011). 

Regarding the investment level in R&D, many researchers studied the determinants of 

R&D investment and optimal R&D levels (Lee, 2003; Chen and Miller, 2007). According 

to Lee (2003), the higher technological competence is, the lower the firm age, and the 

greater the proportion of exports is, the higher the R&D intensity. 

In some studies, an innovation paradox is observed, under which R&D investment does 

not have a significant effect or has negative effects on firm growth (Nunes et al., 2012; 

Oliveir and Fortunato, 2016; Niosi, 2003; Brouwer et al., 1993). Oliveiral and Fortunato 

(2016) analyzed manufacturing firms in Portugal and found that R&D investment had no 

significant effect on firm growth. Innovation activities are inherently highly risky and do 

not guarantee unconditional growth because their outcome is uncertain. 
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Table 3-1.  Relationship between R&D level and firm growth 

Author/Year Data Models Main results 

Hall (1987) 
US manufacturing 

(1976-1983) 
OLS 

R&D investment per employee has a positive impact on firm growth 

regardless of firm size., 

Morbey and Reithner (1990) 
US 

(1978-1987) 
Correlation analysis 

R&D intensity has a positive impact on sales and productivity 

growth 

Brouwer et al. (1993) 
Dutch manufacturing 

(1983, 1988) 
OLS 

R&D intensity has a negative impact on five-year compounded 

employment growth 

Dowling & McGee (1994) 

Telecommunications equipment 

industry 

(1980-1988) 

Panel analysis 

R&D intensity in new venture firms has a positive impact on sales 

growth. Firms pursuing broad strategic targets have a more positive 

impact. 

Grennhalgh et al. (2001) 
UK 

(1987-1994) 
Fixed effect model R&D investment has a positive impact on employment growth 

Del Monte & Papagni 

(2003) 

Italian manufacturing 

(1989-1997) 
Random effect model R&D intensity has a positive impact on sales growth 

Niosi (2003) 
Canadian biotech 

(1994-1998) 
Correlation analysis R&D intensity has no significant impact on firm growth 

Yasuda (2005) 
Japanese manufacturing 

(1992-1998) 
FIML 

R&D investment per employee has a positive impact on 

employment growth 
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Author/Year Data Models Main results 

Yang & Huang 

(2005) 

Taiwanese electronics firms 

(1991-1998) 

Random effect model 

GMM 

R&D intensity has a positive impact on employment growth. 

The impact increases as the firm size becomes smaller. 

Coad & Rao (2008) 
US high-tech 

(1963-1998) 
Panel quantile regression 

R&D intensity has a positive impact on sales growth. 

Especially, it is important for high-growth firms. 

Filatotchev & Piesse (2009) 
European listed firms 

(1985-2004) 
3SLS 

R&D intensity of the newly listed firms has a positive impact on 

sales growth  

Wöhrl et al. (2009) 
German high-tech 

(1997-2002) 
Panel analysis 

R&D intensity has a positive impact on firm growth. 

The impact decreases as the firm age increases. 

Hölzl (2009) 
EU SMEs 

(1998-2000) 
Panel quantile regression 

Only in firms that belong to countries on the technological frontier, 

R&D intensity is important to high-growth firms. 

Stam & Wennberg (2009) 
Netherlands new firms 

(1994-1999) 
OLS 

Initial R&D investment in new firms plays an important role in the 

employment growth of high-tech and high-growth firms 

Falk (2010) 
Austria 

(1995-2006) 

LAD 

Quantile regression 

R&D intensity has a positive impact on sales and employment 

growth. 

Yeh et al. (2010) 
Taiwan IT & Electronic firms 

(1999-2004) 
Threshold regression 

Inverted U-shape relationship between R&D investment and firm 

growth 

Castellacci (2011) 
Norway 

(1998-2006) 
CDM model 

R&D investment has positive impact on sales and labor 

productivity growth 
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Author/Year Data Models Main results 

Nunues et al. (2012) 
Portugal SMEs 

(1996-2006) 

Heckman’s 2-stage model 

System GMM 

Negative (non-high-tech), U-shape (high-tech) relationship between 

R&D intensity and sales growth. 

Garcia-Manjon & Romero-Merino 

(2012) 

European 

Top R&D spending firms 

(2003-2007) 

System GMM 

Panel quantile regression 

R&D intensity has a positive impact on growth for high-tech sectors. 

Especially, it has significant impact in high-growth firms. 

There is no significant impact on the low-tech sector. 

Bogliacino et al. (2012) 
European firms 

(1990-2008) 
LSDVC R&D investment has a positive impact on employment growth 

Segarra & Teruel 

(2014) 

Spanish firms 

(2004-2008) 
Probit model 

The more R&D investment, the higher the probability of becoming 

a high-growth firm. 

Capasso et al. (2015). 
Netherlands 

(1996-2006) 
OLS 

R&D investment has a positive impact on short- and medium-term 

employment growth  

Oliveir & Fortunato 

(2016) 

Portugal manufacturing 

(1990-2001) 
System GMM R&D investment has no significant impact on employment growth 

Coad et al. (2016) 
Spain 

(2004-2012) 
Panel quantile regression 

The effect of R&D on firm growth increases across quantiles, 

negative for low-growth firms, positive for high-growth firms 

Lome et al. (2016) 
Norwegian SMEs 

(1999-2009) 

Correlation analysis 

ANOVA 

R&D investment has a positive impact on sales growth.  

The impact is more crucial during the economic crisis 
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 Volatility of R&D investment and firm growth 

Arrighetti et al. (2015) argued that, when accumulating an intangible asset, a large 

difference among firms’ learning behaviors is observed. Some firms showed persistent 

patterns, while others showed volatile ones. In other empirical research about firms’ 

innovation activities, large variance in the volatility of R&D investment among firms was 

also observed. R&D investment can show the tendency of a smooth annual trend (i.e., R&D 

persistence, Ughetto, 2008; Brown and Petersen, 2011). Conversely, according to DITR 

(2007), 75% of firms in Australia showed a trend of R&D investment that fluctuates yearly 

(i.e., R&D volatility). Mudambi and Swift (2011) argued that R&D investment fluctuates 

each year for firms that have a proactive management by exploring and exploiting 

knowledge and resources in response to internal and external fluctuations. 

There are on-going theoretical and empirical discussions regarding the heterogeneity of 

each firm’s volatility of R&D investment. According to Dierick and Cool (1989), a firm’s 

competitive advantage is determined by its strategic asset stock. To accumulate such asset 

stock, a long-term approach is important. However, previous studies did not understand the 

inter-firm differences in the volatility of R&D and the interaction effects of the level and 

volatility of R&D on firm growth. 

This chapter thus analyzes the impact of different volatilities of R&D investment on firm 

growth. To do so, a detailed understanding of the processes of knowledge search and 

accumulation is required. Physical capital, such as machines, can be purchased or 

accumulated with short-term effort. However, knowledge is not accumulated just by 

increasing the amount of knowledge inflow (Dierick and Cool, 1989; Knott et al., 2003). 
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This process cannot be simply explained by the input and output analogy, but requires long-

term and persistent efforts. Specifically, since innovation activities have large uncertainties, 

reducing this uncertainty through the long-term efforts of trial-and-error and learning-by-

doing is pivotal to success (Coad and Lao, 2010). Furthermore, knowledge accumulation 

is the process of cumulating new knowledge on the basis of a firm’s existing knowledge. 

A series of processes, such as planning, searching, and developing for innovation, are 

performed at the same time over a short period, which is different from the results obtained 

through a long series of processes. Dierick and Cool (1989) explained this as knowledge 

accumulation has the characteristic of time compression diseconomies, 11  defined as 

“consistent R&D investment over a certain period of time yields better results than high 

level of R&D investment over a half the time of the previous case, if the amount of R&D 

investment is equal.” Therefore, the process of knowledge accumulation is time-dependent 

(Cool et al. 2012). Finally, the changes in R&D investment cause high adjustment costs 

(Bernstein and Nadiri, 1989; Lach and Shankerman, 1989; Hall, 2002). Furthermore, if 

researchers with accumulated firm-specific knowledge transfer to rival companies, the 

company can lose competitive advantage. 

Therefore, the process of knowledge search and accumulation has a long-term 

commitment, with minimal fluctuations in resources (Knott et al., 2003; Coad and Lao, 

2010). Cefis (1999) analyzed firms in the UK and found that their consistent profitability 

was influenced by changes in long-term innovation activities, not short-term ones. In the 

case of Sony, after taking over as CEO in 2012, Kazuo Hirai had made efforts to develop 

                                            
11 According to Dierickx and Cool (1989), the characteristics of intangible asset accumulation differing from 

physical capital accumulation are: i) asset mass efficiencies, ii) time compression diseconomies, iii) 

interconnectedness of asset stocks, and iv) causal ambiguity. 
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image sensor technology. Despite not only its deteriorating performance, but also the rapid 

change of the IT industry, Sony continued to invest a certain amount in R&D annually. As 

a result, Sony achieved the highest operating profit in 20 years in 2017 by developing image 

sensor technology. This evidence implies that it is important to accumulate knowledge 

while adhering to long-term consistent policies. Therefore, efficient knowledge 

accumulation requires the minimization of fluctuation in resource flow, such as R&D 

persistence. The following hypothesis can be drawn from this analysis. 

 

Hypothesis 1:   Firms with R&D persistence (low volatility) have higher growth rates 

than those without. 

 

Among the firms with R&D persistence, the level of R&D investment varies. Among 

firms with R&D persistence, the more firms invest in R&D, the more knowledge 

accumulation increases. Therefore, a firm with R&D persistence and high level of R&D 

investment may have superior performance. 

Highly volatile firms will change their short-term R&D policies when they spot a 

window of technological opportunity. As previously mentioned, due to the characteristics 

of knowledge accumulation, it may be difficult to reach the desired outcomes only by 

increasing short-term R&D investment. That is, due to time compression diseconomies, 

these firms always show lower performance than firms that continue to invest (Dierickx 

and Cool, 1989). Furthermore, changes in R&D investment policies cause additional costs, 

such as hiring and firing, training, and infrastructure. Generally, the bigger the shift in R&D 

policies, the larger the costs for the firm due to the resources and managerial attention 
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needed to adjust to these changes (Dierickx and Cool, 1989; Knott et al., 2003). According 

to Swift (2016), a rapid increase in R&D investment may threaten firm survival. 

The discussion can be summarized in Figure 3-1. Firms with high R&D investment over 

a long period of time accumulate knowledge efficiently. By contrast, firms that invest in 

R&D over a short period of time contribute less to knowledge accumulation, and the net 

profit can be reduced due to high costs. Consequently, the following hypotheses are 

proposed. 

 

Hypothesis 2.1:  There is a positive relationship between the R&D level and firm 

growth in R&D persistent firms. 

Hypothesis 2.2:  There is a negative relationship between the R&D level and firm 

growth in R&D volatile firms. 

 

Table 3-2 shows the classification of firms’ R&D activities using volatility and the level 

of R&D investment simultaneously. Summarizing the discussions above, firms with highly 

volatile R&D investment show lower growth rates than firms with persistent R&D 

investment (Vol < Per). Furthermore, among the firms with a highly volatile R&D 

investment, those with a higher R&D level may have the lowest growth rates (High-Vol < 

Low-Vol). Based on these assumptions, the following hypothesis is proposed. 

 

Hypothesis 3:  Even if the R&D investment is small, firms with persistent R&D 

investment have higher growth rates than those with higher but 

volatile R&D investment (i.e. growth of “High- Vol” < growth of 

“Low-Per"). 
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Figure 3-1. Benefit and cost change by R&D activities 

 

Table 3-2.  Firm classification by R&D activities 

            Level of R&D 

Volatility of R&D 
Low High 

Volatility Low-Vol High-Vol 

Persistency Low-Per High-Per 
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3.3 Methodology 

 Data 

This chapter uses firm-level data for empirical analysis. The database used is the KIS-

value database provided by National Information & Credit Evaluation Inc. (NICE), which 

provides financial information to firms subject to external audit in Korea for up to 30 years 

from 1985. This chapter uses Korean manufacturing firms subject to external audit from 

1985 to 2014. According to the Financial Statement Analysis for 2015, manufacturing firms 

subject to external audit account for 80.1% among all Korean manufacturing firms. This 

indicates that manufacturing firms subject to external audit account for a large proportion 

of all Korean manufacturing firms. Therefore, manufacturing firms subject to external audit 

are appropriate to analyze the Korean industrial ecosystem. 

Empirical analysis is conducted to cover firms that have at least five years of 

observations without gaps12 and show R&D investment for at least one year during the 

observation period to measure its level and volatility. A total of 4,825 firms is selected. This 

chapter compares the sales growth rates of the sample with the sales growth rates of all 

Korean manufacturing firms using the Financial Statement Analysis, which an annual 

survey for all Korean manufacturing firms (sample surveys prior to 2009) by the Bank of 

Korea. Figure 3-2 shows similar numerical trends between the two groups, which suggests 

                                            
12 Firms that could not be tracked for more than five years have not exited the market, but are excluded from 

the survey because they do not meet the criteria for external audit. Using the taxpayer information database, 

77.4% of firms excluded from the analysis still existed the time of the analysis. Therefore, survival bias is not 

a major problem in this analysis. 
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that the sample is representative of the Korean industrial ecosystem. Finally, all nominal 

variables are deflated by the Korean industrial production price indices. 

 

 

Figure 3-2. Comparison of sales growth rates 

 

 Model 

Gibrat (1931) started the research stream attempting to understand firm growth. He 

argued that firm growth is a random process, regardless of firm size (Gibrat’s Law). 

Subsequently, significant research has proved that Gibrat’s Law does not hold in many 

cases and, therefore, researchers tried to explain systematically the determinants of firm 

growth. Such efforts can be described by following simple model. 

 

       Growth𝑖,𝑡 = 𝛽0 + 𝛿Size𝑖,𝑡−1 + ∑ 𝛽𝑘𝑋𝑖,𝑘 +𝐾
𝑘=1 휀𝑖,𝑡   (3.1) 
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where i and t denote the firm and year, respectively, and 휀 is the disturbance term. Growth 

represents the firm growth rate, Size is firm size, and X represents other systemic factors 

that influence firm growth. Generally, firm size is measured by sales, number of employees, 

and total assets. This chapter uses the log value of sales as an indicator of firm size. Sales 

is the most abundantly used variable in many studies, because it clearly represents both the 

short- and long-term changes of firms (Coad, 2009). Therefore, firm growth is measured 

the log-difference of firm sales at t and t - 1 (Growth = ln𝑆𝑖,𝑡 − lnSi,t−1). 

Firm growth is highly influenced by past growth (Chesher, 1979; Geroski et al., 1997; 

Bottazzi and Secchi, 2006; Coad, 2007; Coad and Hölzl, 2011). A lagged growth rate 

variable is thus added to control for this dynamic nature of firm growth. The following 

basic model is set to explain firm growth: 

 

 Growthi,t = β0 + αGrowthi,t−1 + δlnSi,t−1 + ∑ βkXi,k +K
k=1 εi,t   (3.2) 

 

As mentioned in previous section, R&D activities have pivotal impact on firm growth. 

Eq. (3.3) includes the level of R&D investment variable, as per previous research. To verify 

the possibility of a non-linear relationship between R&D investment and firm growth, the 

model includes the squared term of R&D level (Nunes et al., 2012): 

 

Growthi,t = β0 + αGrowthi,t−1 + γ1Level R&Di,t−1 + γ2Level R&Di,t−1
2  

      + δlnSi,t−1 + ∑ βkXi,k +K
k=1 εi,t              (3.3) 

 

To explain the shortfall of previous studies, this chapter considers the impact of the 



93 

 

volatility of R&D investment on firm growth in the analysis to observe i) the marginal 

effect of the volatility of R&D and ii) the interaction effects between the level of R&D and 

volatility of R&D on firm growth. Following equation is set to observe such impacts: 

 

Growthi,t = β0 + αGrowthi,t−1 + γ1Level R&Di,t−1 + γ2Level R&Di,t−1
2   

       + γ3Volatility R&Di,t−1 +  γ4Volatility R&Di,t−1 X Level R&Di,t−1 

       + δlnSi,t−1 + ∑ βkXi,k +K
k=1 εi,t             (3.4) 

 

This empirical model considers the lagged variable of the volatility of R&D investment. 

However, an inverse causal relationship between this variable and firm growth may exist.13 

Furthermore, this model is a dynamic panel model, where a correlation between the lagged 

dependent variable and unobservable individual heterogeneity may exist. As estimation 

results using traditional panel methods can be biased due to a possible endogeneity problem. 

In order to solve this problem, this chapter uses system GMM estimator that uses lagged 

differences and lagged values as instruments of endogenous variables (Arellano and Bover, 

1995; Blundell and Bond, 1998). In general, a system GMM is more efficient than a 

difference GMM estimator, which only uses lagged variables as instruments. 

                                            
13 It is expected that the problem of inverse causal relationship is not prevalent. First, the correlation between 

t - 5 and t for each variable is 0.182 (R&D investment), 0.818 (firm sales), and 0.873 (total assets). R&D 

investment tends to fluctuate, while firm sales and total assets continue on a relatively stable trend. Second, 

when firm sales decrease (increase) in period t - 1, the average R&D growth rate of period t is -0.854 (-0.693). 

That is, there is no significant difference between the two conditional average values. This evidence suggests 

R&D investment is heterogeneous among firms regardless of their growth rate. 
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To verify that the results of the system GMM are valid, the following two tests are 

required. First, the Hansen test is conducted to confirm the validity of instruments. For the 

estimated results to be robust, the null hypothesis, which instruments are valid, must not be 

rejected. Second, the autocorrelation of the disturbance term has to be confirmed. If the 

disturbance term shows autocorrelation, the lagged values of the dependent variable used 

as the instrumental variables are close to the endogenous variables. If there is no 

autocorrelation in the disturbance term of the equation (휀𝑖,𝑡), the disturbance term of the 

differential equation (∆휀𝑖,𝑡)  has first-order autocorrelation but not second-order 

autocorrelation. Arellano-Bond tests were conducted for first- and second-order 

autocorrelation. 

 

 Variables 

Each firm’s level and volatility of R&D investment over period t is measured by 

observing its five-year R&D behavior [t – 4, t]. The reason for setting the five-year period 

is that it is often used in previous research on the knowledge within a firm, based on 

Griliches (1979), in that technological knowledge in the firm loses most of its value within 

five years after creation (Argote, 1999; Katila and Chen, 2008; Van de Vrande et al., 

2011).14 Specifically, over the five-year span, i) how much effort was put into innovation 

activity (level of R&D investment) and, ii) how much did this fluctuate (volatility of R&D 

investment) are calculated. Each value is measured in a five-year moving window. 

Figure 3-3 shows an example of R&D activities for each firm. Comparing firms A and 

                                            
14 In addition, the level and volatility of R&D investment were measured based on 3-yearmoging window, 

and identified results similar to analysis based on 5-year moving window. 
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B, the level of R&D they invested over five years is equal, but Firm A’s volatility of R&D 

is more persistent. Comparing firms A and C, both firms show persistent R&D investment 

over the five years, however Firm C has a higher level of R&D investment. 

 

 

Figure 3-3. Example of each firm’s R&D activities 

 

The level of R&D investment (Level R&D) is measured using Eq. (3.5). To control for 

the size effect, the five-year sum of R&D investment is divided by the five-year sum of 

sales to calculate R&D intensity. 

 

Level R&Di,t =
∑ R&D investmenti,t

T
t=T−4

∑ Salesi,t
T
t=T−4

 

 

The volatility of R&D investment (Volatility R&D) is measured using Eq. (3.6). To 

capture the change in the mean R&D investment over time, it measures the standard 

deviation of R&D investment over the five-year period. Since this measure increases with 

(3.5) 
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the R&D level, it is divided by the mean R&D investment over the five-year to normalize 

the value. The lower the measured values, the more persistent R&D investment is over time. 

 

Volatility R&Di,t =

√∑ (R&D investmenti,t − R&D investmenti
̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅)

2T
t=T−4

4

R&D investmenti
̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅

 

 

Especially, this chapter uses the lagged values of each variable, since it takes time for a 

firm’s innovation activities to have impact on firm growth. In other words, the impact of 

innovation activities from [t – 5, t – 1] on firm growth at period t is identified. In previous 

studies, one- or two-year time lags between R&D input and knowledge creation (or 

performance) are considered (Coad et al., 2016; Choi et al., 2016; Lee et al., 2014). 

The control variables are drawn based on previous research. First, a firm’s capital 

structure (profits and debts) have strong influence on firm growth. According to 

evolutionary economics, firm profitability has a strong relation with its fitness, and there 

exist selection pressures in the process of reallocation of market share from a firm with low 

profitability to a firm with high profitability. Therefore, this chapter controls for firm i’s 

profitability over period t by dividing its profits by sales (profit-ratio). Further, debt is an 

important variable in understanding firm’s capital structure. The debt ratio is measured by 

dividing its total liabilities by total assets (debt-ratio) to control for their impact on firm 

growth. Moreover, firm age also influences firm growth as it can have conflicting impact 

(Coad et al., 2013). On one hand, a firm may accumulate more experience and build strong 

capability as it matures, which has positive impact on firm growth. On the other hand, this 

(3.6) 



97 

 

can also increase the firm’s inertia, which can have a negative influence on firm growth. 

Firm i’s age is measured based on its entry year (Age). Finally, industrial- and year-effect 

are controlled. The former is controlled by considering the average growth rate of each 

industry over period t (2-digit; Industry growth), and the latter by using year dummy (year). 

 

3.4 Empirical results 

 Descriptive statistics 

Table 3-3 shows the descriptive statistics and correlations of the variables used in the 

empirical analysis. There is a negative correlation between the level and volatility of R&D, 

which shows that volatility in R&D investment tends to be low when R&D intensity is high. 

However, since the values of the correlation coefficients are low, it does not observe a 

multicollinearity problem. 

Figure 3-4 represents firms’ R&D activities with the X-axis set as the level of R&D and 

the Y-axis as the volatility of R&D. The activities are heterogeneous, which shows each 

firm has different attitudes and strategies to innovation. Even if the level of R&D is the 

same, the volatility of R&D varies. This may be the reason for the shortfall of previous 

studies of only considering the level of R&D. By considering the volatility of R&D 

simultaneously, it may be possible to thoroughly examine each firm’s innovation routines 

and their different dynamics of firm growth. 
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Table 3-3. Descriptive statistics and correlations 

Variable Obs. Mean S.D. 1. 2. 3. 4. 5. 6. 7. 8. 

1. Growth 47,522 0.047 0.318 1.000        

2. Level R&D 47,522 0.011 0.023 0.055 1.000       

3. Volatility R&D 47,522 1.273 0.668 -0.012 -0.235 1.000      

4. Size 47,522 16.919 1.294 -0.097 -0.238 -0.143 1.000     

5. Profit ratio 47,522 0.194 0.230 0.167 0.048 -0.072 -0.038 1.000    

6. Debt ratio 47,522 0.593 0.696 -0.029 -0.011 0.021 -0.022 -0.073 1.000   

7. Age 47,522 21.132 11.754 -0.073 -0.192 -0.073 0.418 0.028 -0.048 1.000  

8. Industry growth 47,522 0.077 0.098 0.241 0.022 -0.070 -0.062 0.018 0.015 -0.060 1.000 

Notes: The correlations in bold denote statistical significance at the 5% level 
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Figure 3-4. Heterogeneity of R&D activities 

 

Figure 3-5 is a univariate graph that shows the average firm growth rates according to 

the firm’s volatility of R&D investment. The value of Volatility R&D is divided into four 

quantiles. In other words, the firms in the first quantile (Q1) have persistent (less volatile) 

R&D investment, and the firms in the fourth quantile (Q4) have more volatile R&D 

investment. By analyzing each manufacturing firm’s average growth rates over period t 

and their volatility of R&D investment at t – 1, it can observe that R&D persistent firms 

show higher average growth rates than the others. This implies that firms’ volatility of R&D 

investment must be considered when understanding firm growth dynamics. The empirical 

results using multivariate analysis will be examined in the next section. 
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Figure 3-5. Volatility of R&D and firm growth 

 

 Multivariate analysis 

Table 3-4 shows the results of multivariate analysis using Eqs. (3.3) and (3.4), 

respectively. Models (1) and (2) show the results only using the level of R&D investment 

while Models (3) and (4) show the results including the firm’s volatility of R&D investment. 

According to the results of the Hansen test, the null hypothesis that the instruments used 

for estimation is appropriate is not rejected. Further, the first-order disturbance term is 

found to have a first-order autocorrelation, but no second-order autocorrelation. These tests 

mean that the results of all models are valid, and the hypotheses can be verified based on 

them. 

Models (1) and (2) show the linear and quadratic relationship between the level of R&D 

and firm growth, respectively. According to the results of Model (1), there is a positive 

relationship between the level of R&D and firm growth. The results of Model (2), which 
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Table 3-4. Results for the entire sample 

Dependent variable: 

Growth 

Model (1) 

(Std. Err.) 

Model (2) 

(Std. Err.) 

Model (3) 

(Std. Err.) 

Model (4) 

(Std. Err.) 

Growth (t-1) 
0.164*** 
(0.019) 

0.171*** 
(0.019) 

0.179*** 
(0.019) 

0.181*** 
(0.019) 

Level R&D (t-1) 
2.076*** 
(0.733) 

4.247*** 
(0.711) 

2.611*** 
(0.687) 

4.068*** 
(0.841) 

Level R&D2 (t-1)  
-8.075*** 

(2.792) 
-6.065** 
(2.467) 

-6.129** 
(2.545) 

Volatility R&D (t-1)   
-0.063*** 

(0.009) 
-0.051*** 

(0.009) 

Volatility R&D X Level R&D (t-1)    
-1.861*** 

(0.569) 

Size (t-1) 
-0.783*** 

(0.025) 
-0.740*** 

(0.023) 
-0.801*** 

(0.025) 
-0.804*** 

(0.025) 

Profit ratio 
0.423*** 
(0.081) 

0.426*** 
(0.076) 

0.417*** 
(0.082) 

0.417*** 
(0.082) 

Debt ratio 
-0.694*** 

(0.252) 
-0.748*** 

(0.245) 
-0.699*** 

(0.246) 
-0.697*** 

(0.246) 

Age 
0.030*** 
(0.003) 

0.027*** 
(0.003) 

0.030*** 
(0.003) 

0.030*** 
(0.003) 

Industry growth 
0.713*** 
(0.048) 

0.726*** 
(0.041) 

0.717*** 
(0.048) 

0.721*** 
(0.047) 

Year Included Included Included Included 

Number of firms 4,825 4,825 4,825 4,825 

Observations 47,522 47,522 47,522 47,522 

AR(1) p-value 0.000 0.000 0.000 0.000 

AR(2) p-value 0.317 0.163 0.253 0.234 

Hansen p-value 0.351 0.225 0.454 0.435 

Notes: 1. Standard errors are in parentheses. 

2. ***, **, and * denote statistical significance at the 1%, 5%, and 10% levels, respectively. 

3. AR(1), AR(2) (a test for the absence of first-, second-order serial correlation, respectively), and 

the Hansen test (which indicates the validity of the instruments). 
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considered the non-linear relation between variables, show the positive relationship 

between the level of R&D and firm growth decreases eventually, as the level of R&D 

continues to increase. Figure 3-6 shows the fitted values of firm growth by the level of 

R&D using the estimation results from Model (2). As previously mentioned, this results 

make it difficult to explain the innovation paradox. 

 

 

Figure 3-6. Level of R&D and fitted values of firm growth (Model 2) 

 

Model (3) explores the relationship between the volatility of R&D investment and firm 

growth, and Model (4) shows the results of considering both the volatility and level of R&D 

investment on firm growth. Figure 3-7 presents the fitted values of firm growth by the 

firm’s R&D activities using the estimation results from Model (4). Specifically, Figure 3-

7 shows three different trends of firm growth, depending on the level of R&D at three 

different R&D volatility. The R&D “persistent (less volatile)”, “intermediately volatile” 
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and “more volatile” firms capture the Volatility R&D variable at the first, median and third 

quartile values (i.e., Volatility R&D=0.712, 1.213, 1.918), respectively. The results are as 

follows. 

 

 

Figure 3-7. R&D activities and fitted values of firm growth (Model 4) 

 

First, Volatility R&D has a negative and significant impact on firm growth (Accepted 

H1). This means that firms that are persistent in R&D investment show higher growth rates 

than those that do not. As can be observed from Figure 3-7, among the firms that had similar 

levels of R&D investment, those with R&D persistence grew faster than those with R&D 

volatility. Second, the firms with R&D persistence show higher growth as they increase the 

level of R&D investment (Accepted H2). Although the diminishing rate of returns of R&D 
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investment on firm growth is observed, in general, the growth rates of firms with R&D 

persistence increase as they increase their level of R&D investment. Conversely, more 

volatile firms show decreasing growth rates as they increase their R&D level, after a low 

threshold influence interval. This implies that a mere increase in the level of R&D does not 

guarantee knowledge accumulation and, moreover, it may even deter growth rates. Finally, 

even if the R&D investment is small, firms with persistent R&D investment have higher 

growth rates than firms with higher but volatile R&D investment each year (Accepted H3). 

It implies that firms that increase their level of R&D by a large amount during economic 

booms and reduce it during recession show lower growth rate than firms with lower but 

persistent R&D investment levels. This result is confirmed by the additional analysis of the 

next section. In sum, the results provide possible explanations for the innovation paradox, 

that is i) the increase in the level of R&D results in decrease in growth rate and ii) firms 

with the same level of R&D investment show different growth rates. 

Control variables have significant impacts on firm growth. The lagged growth rate 

variable has a positive effect on firm growth. It means that firms that grew in the past are 

more likely to growth in the future as well. Small firms have a higher growth rates than 

their larger counterparts. Capital structure also had significant impacts on firm growth. A 

higher profit ratio shows higher firm growth. In Korea’s industrial environment, profit is 

one of the market selection pressures that shows firms with higher profit ratio have higher 

market shares. Conversely, a high debt ratio decreases firm growth rate. The estimation 

results of profit and debt ratio imply that a stable financial situation secures stable inputs 

for innovation activities, which enables the firm to seize new opportunities when there is a 

window. Firm age has a positive influence on growth. Learning and accumulating 
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knowledge after market entry is a critical factor that acquires new growth momentum (Coad 

et al., 2013). For example, Korean firms show high exit rates after entering the new market 

due to their lack of learning and knowledge accumulation (Hahn, 2000). Finally, firms in 

industries with large growth opportunities generally have higher growth rates. 

To verify the conditioning effect depending on the volatility of R&D investment, the 

value of Volatility R&D is divided into four quantiles (like Figure 3-5). Then, the entire 

sample is divided into four subsamples according to the quantile of Volatility R&D. Table 

3-5 shows the results of empirical analysis by these quantiles, and the relationship between 

the level of R&D and firm growth differs for each group. Figure 3-8 depicts the relationship 

between the level of R&D and firm growth, depending on the volatility of R&D in Table 

3-5. The results are similar to the estimation results in Table 3-4 and Figure 3-7. First, in 

the case of the firms with R&D persistence, a positive and significant relationship between 

the level of R&D and firm growth is observed. Second, for firms with intermediate 

volatility, an inverted U-shape relation between the level of R&D and firm growth is 

observed. Finally, for firms with high volatility, the level of R&D has no significant 

relationship with firm growth. Increases in the level of R&D do not lead to higher growth 

when a firm has high R&D volatility. 
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Table 3-5. Results by R&D volatility 

Dependent variable: 

Growth 

 Persistent 

firms 

(Q1) 

Intermediately 

volatile firms 

(Q2 & Q3) 

More volatile 

firms 

(Q4) 

Model (1) 

(Std. Err.) 

Model (2) 

(Std. Err.) 

Model (3) 

(Std. Err.) 

Growth (t-1) 
0.028 

(0.032) 
0.047*** 
(0.018) 

0.051** 
(0.024) 

Level R&D (t-1) 
7.600*** 
(1.830) 

1.605* 
(0.856) 

2.346 
(1.428) 

Level R&D2 (t-1) 
-13.276** 

(5.317) 
-7.856** 
(3.222) 

-11.722 
(10.666) 

Size (t-1) 
-0.744*** 

(0.049) 
-0.910*** 

(0.036) 
-0.904*** 

(0.042) 

Profit ratio 
2.342*** 
(0.307) 

0.634** 
(0.301) 

0.642** 
(0.170) 

Debt ratio 
-0.028 
(0.028) 

-0.447*** 
(0.162) 

-0.086 
(0.076) 

Age 
0.031*** 
(0.005) 

0.020*** 
(0.004) 

-0.001 
(0.006) 

Industry growth 
0.667*** 
(0.068) 

0.571*** 
(0.054) 

0.686*** 
(0.090) 

Year Included Included Included 

Number of firms 2,248 4,041 4,241 

Observations 11,923 23,718 11,881 

AR(1) p-value 0.000 0.012 0.002 

AR(2) p-value 0.515 0.301 0.553 

Hansen p-value 0.986 0.486 0.974 
 

Notes: 1. Standard errors are in parentheses. 

2. ***, **, and * denote statistical significance at the 1%, 5%, and 10% levels, respectively. 

3. AR(1), AR(2) (a test for the absence of first-, second-order serial correlation, respectively), and 

the Hansen test (which indicates the validity of the instruments). 
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      (a) Persistent firm               (b) Intermediately volatile firm 

Figure 3-8. Level of R&D and fitted values of firm growth by R&D volatility 

 

3.5 Robustness 

Here, two analyses (i.e. group analysis and short-term variation of R&D investment) are 

carried out to test the robustness of the previous results. 

 

 Group analysis 

Figure 3-9 shows the classification of each group based on the mean values of Volatility 

R&D and Level R&D, respectively (based on Figure 3-4).15 Firms that belong to each 

group are set by a dummy variable that takes the value 1 and 0 otherwise. For example, if 

                                            
15 The distribution of Level R&D is positively skewed (Appendix A1). As such, the classification 

by median values is a comparison of extreme values. Therefore, the classification by mean values is 

chosen. 
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firm i at period t shows a higher level of R&D than the average level of R&D and a lower 

R&D volatility than average, it belongs to the High-Per group. The growth rates of each 

group are then compared. 

 

 

Figure 3-9. Classification by R&D activities 

 

Table 3-6 shows the results of the empirical analysis. Model (1) compares the growth 

rate of High (High-Per and High-Vol) and Low (Low-Per and Low-Vol), and Model (2) the 

growth rate of Per (High-Per and Low-Per) and Vol (High-Vol and Low-Vol) According to 

the results of Models (1) and (2), the High and Per groups show higher growth rates than 

the Low and Vol groups, respectively. By analyzing Model (3), High-Per shows the highest 

growth rates (reference group: Low-Vol) and Low-Per shows higher growth rates than 

High-Vol, reconfirming our argument that the impact of the amount of R&D investment is 
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dependent on the stability of R&D investment. Furthermore, there are statistically 

insignificant differences in growth rate between High-Vol and Low-Vol, which is in 

accordance with our estimation results in Table 3-5. That is, for firms with high R&D 

volatility, an increase in the level of R&D investment does not have a statistically 

significant impact on firm growth. 

 

 Short-term variation of R&D investment 

This robustness analysis considers year-on-year change of R&D investment. Specifically, 

the level of R&D investment is measured by R&D intensity (=R&D investment/Sales) in 

period t – 1, and the volatility of R&D investment by the log-difference of R&D investment 

of t – 2 and t – 1 (∆ln[R&D]). Table 3-7 shows the results of the empirical analysis. There 

is a U-shaped relationship between R&D intensity and firm growth. In Model (2), which 

considers the volatility of R&D investment, the larger the short-term variation of R&D 

investment between t – 1 and t – 2 is, the lower the growth rates at period t are. Furthermore, 

for firms with high R&D variation, the growth rate decreases as R&D intensity increases. 
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Table 3-6. Results of group analysis 

Dependent variable: 

Growth 

Model (1) 

(Std. Err.) 

Model (2) 

(Std. Err.) 

Model (3) 

(Std. Err.) 

Growth (t-1) 
0.174*** 
(0.021) 

0.183*** 
(0.020) 

0.183*** 
(0.020) 

High (t-1) 
0.201** 
(0.079) 

  

Per (t-1)  
0.060*** 
(0.007) 

 

High-Per (t-1)   
0.064*** 
(0.014) 

Low-Per (t-1)   
0.060*** 
(0.008) 

High-Vol (t-1)   
0.003 

(0.015) 

Size (t-1) 
-0.780*** 

(0.027) 
-0.808*** 

(0.025) 
-0.808*** 

(0.026) 

Profit ratio 
0.407*** 
(0.084) 

0.420*** 
(0.086) 

0.420*** 
(0.086) 

Debt ratio 
-0.678*** 

(0.241) 
-0.716*** 

(0.251) 
-0.717*** 

(0.251) 

Age 
0.031*** 
(0.004) 

0.030*** 
(0.003) 

0.030*** 
(0.003) 

Industry growth 
0.720*** 
(0.048) 

0.712*** 
(0.048) 

0.712*** 
(0.048) 

Year Included Included Included 

Number of firms 4,825 4,825 4,825 

Observations 47,522 47,522 47,522 

AR(1) p-value 0.000 0.000 0.000 

AR(2) p-value 0.356 0.297 0.298 

Hansen p-value 0.518 0.501 0.501 
 

Notes: 1. Standard errors are in parentheses. 

2. ***, **, and * denote statistical significance at the 1%, 5%, and 10% levels, respectively. 

3. AR(1), AR(2) (a test for the absence of first-, second-order serial correlation, respectively), and 

the Hansen test (which indicates the validity of the instruments). 

4. Reference group is Low(t-1) of Model (1), Vol(t-1) of Model (2) and Low-Vol(t-1) of Model (3). 
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Table 3-7. Results of short-term variation of R&D 

Dependent variable: 

Growth 

Model (1) 

(Std. Err.) 

Model (2) 

(Std. Err.) 

Growth (t-1) 
0.062*** 
(0.011) 

0.065*** 
(0.011) 

R&D intensity (t-1) 
1.186*** 
(0.192) 

1.687*** 
(0.285) 

R&D intensity2 (t-1) 
-1.114*** 

(0.374) 
-1.147** 
(0.527) 

∆ln[R&D] (t-1)  
-0.001*** 

(0.000) 

∆ln[R&D] X R&D intensity(t-1)  
-0.078*** 

(0.021) 

Size (t-1) 
-0.645*** 

(0.015) 
-0.647*** 

(0.015) 

Profit ratio 
0.451*** 
(0.081) 

0.449*** 
(0.081) 

Debt ratio 
-0.244** 
(0.122) 

-0.249** 
(0.126) 

Age 
0.023*** 
(0.002) 

0.023*** 
(0.002) 

Industry growth 
0.619*** 
(0.035) 

0.623*** 
(0.035) 

Year Included Included 

Number of firms 4,929 4,929 

Observations 75,514 75,514 

AR(1) p-value 0.000 0.000 

AR(2) p-value 0.194 0.223 

Hansen p-value 0.284 0.259 

  Notes: 1. Standard errors are in parentheses. 

  2. ***, **, and * denote statistical significance at the 1%, 5%, and 10% levels, respectively. 

3. AR(1), AR(2) (a test for the absence of first-, second-order serial correlation, respectively), 

and the Hansen test (which indicates the validity of the instruments). 
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3.6 Sub-conclusion 

According to evolutionary theory, it is important to understand the inter-firm 

heterogeneity of innovative routines to understand firm growth differences (Nelson and 

Winter, 1982; Dosi et al., 2010). Most previous studies on innovation activities and firm 

growth analyzed firm growth based on quantitative differences between firms' R&D 

investments. However, the R&D level does not thoroughly explain firm growth. To 

compensate for this limitation, this chapter considers the heterogeneity of the volatility of 

R&D investment, which was not considered in previous research. 

The findings emphasize the importance of R&D persistence. Firms with R&D 

persistence have higher growth rates than others. Furthermore, there is a positive 

relationship between the R&D level and firm growth, conditioned by the persistence of 

R&D. The quantitative increase in R&D investment in firms with R&D volatility hinders 

firm growth. Therefore, even if the R&D investment is small, firms with persistent R&D 

investment have higher growth rates than firms with higher but volatile R&D investment. 

Most studies on innovation activities focus on the level of R&D and it is widely accepted 

that an increase in R&D investment always brings positive effects. However, considering 

only the quantitative differences between firms' R&D investments can mislead managers 

and policymakers during decisions makings. As such, understanding the innovation 

strategy will help firms understand their attitudes and beliefs toward innovation. Therefore, 

the contributions of this chapter can provide a clearer understanding of the relationship 

between innovation and firm growth by proposing a new dimension, which can explain the 

innovation paradox that could not be explained by previous studies. Furthermore, the 
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findings suggest a new perspective on innovation strategies and policies for sustainable 

growth. 

It is thus important to carry out innovation activities from the long-term perspective. As 

innovation arises from a steady and stable accumulation process, the firms that increase 

their level of R&D by a large amount during economic booms and reduce the level of R&D 

during the recessions show lower growth rates than firms with lower level but persistent 

R&D investment levels. A mere increase in the level of R&D does not guarantee firm 

growth. The findings do not imply that R&D investment should always remain constant, 

but that once the R&D strategy changes, the new R&D strategy should continue in the long 

term. In other words, it is important to strive for continuous search and accumulation over 

a certain period once a strategy has been set, rather than respond shortly to internal or 

external shocks. The findings also have significant implications for innovation policy. 

Rather than a temporary increase in innovation activities, it is desirable to ensure 

government innovation support sustains firms’ innovation activities from the long-term 

perspective. Especially, when government support goes through a temporary increase in 

firms’ innovation activities, there is the possibility of hindering firm growth, resulting in 

double costs. 

This chapter identified the persistence of innovation activities as R&D investment. 

However, the technological portfolio may change even if R&D investment is constant. The 

next chapter identifies the importance of persistence in terms of experience in a specific 

domain. 
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 Effects of knowledge accumulation 

strategies through experience and 

experimentation on firm growth 

 

4.1 Introduction 

Firms constantly create and accumulate knowledge. Hoopes and Madsen (2008) argued 

that competitive advantage arises from differences in accumulated knowledge, a 

phenomenon called competitive heterogeneity. Therefore, it is necessary to understand how 

to create and accumulate knowledge within the firm and why these differences exist 

between firms. 

The literature suggested that the differences in the accumulation of knowledge among 

firms result from quantitative differences in innovation activities. Specifically, it is assumed 

that the more efforts firms make towards quantitative aspects such as R&D investment and 

patents, the more knowledge will be created and accumulated. However, this perspective 

does not explain reality well. For example, in Korea, R&D investment is higher than 

countries with similar GDP per capita, and patent applications have increased dramatically 

over the past 30 years. Further, while technological knowledge of Korean firms has been 

steadily accumulating in terms of quantity, the recent technological competitiveness of 

Korean firms has weakened and firm performance is also declining. Furthermore, even if 

firms invested the same amount of input over a certain period of time, there is a limit to 
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understanding this phenomenon, which results in different outcomes among firms. Based 

on these examples, the literature tended to simplify the process of accumulating knowledge 

by firms and there is also insufficient consideration of inter-firm heterogeneity. 

As such, to compensate for these limitations, it is necessary to understand knowledge 

accumulation more systematically. Hoopes and Madson (2008) identified the reason for the 

difference in the knowledge accumulated by firms, although they made the same effort, as 

being attributed to the differences in methods of creating and evolving knowledge. That is, 

the process of knowledge accumulation should be understood from a quantitative 

perspective. In this chapter, experience and experimentation are considered key strategies 

of knowledge accumulation in terms of qualitative aspects. Experience defines the 

composition of knowledge accumulation. The process of how knowledge is composed, 

within diverse or specialized knowledge domains, determines the depth and breadth of 

knowledge in the firm. Experimentation is considered the method for knowledge 

accumulation. It indicates how different learning strategies, such as repetitive or novel ways 

of learning, can be used to accumulate knowledge. Rather than being substitutes, the 

strategies for Experience and Experimentation should be considered separately. Even with 

the same level of effort, there are differences in the degree of knowledge accumulation 

depending on experience and experimentation. 

This chapter thus aims to identify the effects of knowledge accumulation strategies 

through experience and experimentation on firm growth. This chapter constructs a unique 

panel dataset of Korean listed manufacturing firms, from 1985 to 2014, for empirical 

analysis. The results show the importance of persistence experience in a specific knowledge 

domain as a depth of knowledge accumulation. The method of knowledge accumulation 
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should change according to the depth of experience. Repetitive learning (i.e. no 

experimentation) are needed when the depth of experience is low. Novel approaches to 

learning (i.e. experimentation) are needed when the depth of experience is high. The results 

can be explained why competitive advantage between firms differs even if they make the 

same quantitative efforts by considering the qualitative aspect of knowledge accumulation. 

In addition, effective knowledge accumulation strategies and policy implications for 

sustainable growth can be suggested. 

The remainder of this chapter is organized as follows. Section 4.2 develops the 

theoretical background of experience and experimentation as key strategies for knowledge 

accumulation, and develops the research hypotheses. Section 4.3 sets up the data, model, 

and variables for empirical analysis. Section 4.4 presents the stylized facts of Korean firms’ 

strategies to accumulate knowledge. Section 4.5 and 4.6 present the analysis results. Finally, 

Section 4.7 draws conclusions and implications of the chapter. 

 

4.2 Theoretical background and hypotheses development 

 

 Experience: Composition of knowledge accumulation 

The difference between knowledge and physical capital is that the former has cumulative 

properties. Therefore, even if firms have the same amount of innovation effort, the degree 

of accumulation depends on the already accumulated experience and knowledge. 

According to Dierickx and Cool (1989), if a firm has a certain depth of knowledge in a 

specific area, the learning effects result in additional knowledge and low marginal costs. 
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Additionally, current experience and knowledge affect the future search strategy (West and 

Iansiti, 2003). 

According to the knowledge-based view, which discusses the properties of knowledge 

at firm level, a firm’s competitive advantage can be gained through in-depth experience in 

a particular field. That is, firms’ strategic assets accumulate over the long-term as opposed 

to single major changes (e.g. M&A, technology adoption). According to Breschi et al. 

(2003), firms that are continuously innovating tend to accumulate specialized knowledge 

in specific areas. They thus produce competitive products based on specialized knowledge. 

The more experience firms have within a particular technology area, the better they can 

understand and develop it (Helfat, 1997). Hermann Simon’s 『Hidden 

Champions』emphasizes that most hidden champions in Germany are highly specialized 

and work on a small market. Further, a gradual improvement with a persistent attitude 

occurs and technology changes only happen once every 10 to 15 years. As such, persistence 

in a particular field is an essential strategy in reaching perfection. Additionally, radical 

innovation comes from a gradual and steady experience, as well as accumulation (Cantwell 

and Fai, 1999). 

When a firm gains expertise by accumulating relevant experience and knowledge over a 

long period, it is difficult for competitors to catch up with it in the short term. As such, 

knowledge accumulation shows the nature of time compression diseconomies (Dierickx 

and Cool, 1989), implying that accumulated knowledge over a long period can never be 

surpassed by short-term efforts. Experience with specific knowledge also improves a firm’s 

absorptive capacity, resulting in increasing the likelihood of innovation. According to Lee 

(2010), firms that have accumulated knowledge beyond a specific threshold continue to 
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grow. 

Experience can be understood in terms of composite of knowledge accumulation in the 

organization. The process of how knowledge is composed, within diverse or specialized 

knowledge domains, determines the depth and breadth of knowledge in the firm. The 

concentration of certain technologies leads to innovation and growth due to learning effects. 

By contrast, technology diversification provides the driving force for growth, given 

technological opportunities and diversity (Garcia-Vega, 2006; Lin and Chang, 2015). More 

recently, it is considered to emphasize the coherence between knowledge (Teece et al., 1994; 

Dosi et al., 2017). That is, although it appears that a firm possesses a variety of knowledge, 

it is actually enhancing its core knowledge when experiencing similar fields. 

However, the marginal returns that can be gained from the experience in a particular 

field are decreasing. First, the marginal return of R&D investment decreases according to 

the specific technology trajectory. (Klette and Kortum, 2004). Second, extreme 

concentration in one field can reduce the diversity of knowledge and limit future knowledge 

creation in the future. Therefore, the first hypothesis is proposed as: 

 

Hypothesis 1: Firms that experience persistence in a specific knowledge domain show 

higher growth but decreasing marginal returns. 

 

 Experimentation: Method for knowledge accumulation 

A major strategy to be considered in understanding knowledge accumulation refers to 

the learning strategies (method) firms consider for knowledge accumulation. In an industry 

ecosystem, where technologies are complex and changing rapidly, firms need to constantly 
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change their learning strategies. According to organizational learning theory, a firm’s 

competitive advantage cannot last over a long period, and it is important to create and 

evolve knowledge through new learning strategies. 

Knowledge generation in a firm results from the combination of knowledge (Fleming, 

2001; Carnabuci and Operti, 2013; Colombelli et al., 2013b; Savino et al., 2017). In other 

words, new knowledge is created by searching for various knowledge and the subsequent 

new combinations. Therefore, firms need learning strategies to this effect. 

Pursuing new combinations of knowledge can be understood as experimentation, which 

is defined as deliberate learning, as opposed to adhering to the existing learning strategies, 

which is repetitive learning. Firms are more likely to do repetitive learning due to path 

dependence (Nelson and Winter, 1982) and because repetitive learning reduces learning 

time and costs. However, in rapidly changing industrial environments, this strategy alone 

is not likely to sustain competitive advantage. 

Experimentation is thus an important strategy to overcome these limitations. While it is 

highly uncertain, it extends firms’ knowledge bases and provides opportunities for growth. 

Henderson and Clark (1990) argued that firms cannot sustain competitive advantage if they 

combine existing technologies in new ways. New combinations between knowledge are 

the source of novelty (Strumsky and Lobo, 2015). In sum, experimentation has a positive 

impact on growth, in that it can gain new knowledge as well as opportunities to improve 

the existing knowledge base. Consequently, a second hypothesis can be derived as follows. 

 

Hypothesis 2: Firms that actively attempt experimentation (new combination between 

knowledge) show higher growth. 
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 Linking experience and experimentation 

In the early stages of knowledge accumulation, it is relatively simple to accumulate 

explicit knowledge, as it is only necessary to build routines within the organization through 

repetitive learning (no experimentation). This routine remembers successful problem-

solving methods and guides the sequence of actions towards minimizing learning time and 

costs (Nelson and Winter, 1982). Conversely, more experimentations for less experienced 

firms do not lead to better performance due to knowledge integration problems, lack of 

absorptive capacity and higher costs. 

As experience accumulates in a specific area, repetitive learning becomes limited 

because it is difficult to create new value through existing learning strategies to offset the 

decreasing marginal return (Ahuja and Lampert, 2001). Once experience is accumulated, 

complex problem-solving is required. Organizations thus believe that the way they have 

been doing things will lead to more good decisions but instead they can fall into learning 

traps. Ahuja and Lampert (2001) proposed the propinquity trap term to define adhering to 

familiar problem-solving methods when faced with new problems. 

Dynamic capability emphasizes the importance of change to sustain competitive 

advantage. Searching and combining diverse knowledge is one of the strategies to develop 

dynamic capability (Teece, 2007). That is, experimentation can be regarded as a dynamic 

capability. 

As experience builds up in specific areas, novel learning strategies are required because 

they can vary the knowledge base of a firm. Additionally, new learning strategies open new 

uses of core knowledge (Zack, 1999; West and Iansiti, 2003; Suzuki and Kodama, 2004). 
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In sum, firms with knowledge depth in a specific field can build a self-reinforcing 

mechanism that not only expands the knowledge base by introducing new knowledge but 

also strengthens the existing core knowledge through experimentation. 

An important point in attempting new combinations of knowledge is that core knowledge 

must be included. That is, it is important to innovate through a synthesis of new knowledge 

domains and existing core knowledge (Cantwell and Fai, 1999). According to Helfat and 

Raubischek (2001), integrating other knowledge based on core knowledge provides the 

foundation for new products. For example, Canon’s operations were based on camera-

related knowledge, which was accumulated from the early stages of market entry when it 

produced printers (Suzuki and Kodama, 2004). Radical innovation is also based on existing 

core knowledge. For instange, Bergek and Onufrey (2014) showed that when leading 

lighting companies GE, Osram/Siemens, and Philips, developed the radical LED 

technology, they based it on accumulated technology, such as that on incandescent light 

bulbs. Core knowledge plays a central role in effective knowledge accumulation by 

interacting with other knowledge domains (Kim et al., 2016). Dynamic capability also 

emphasizes changes based on core knowledge (Rao et al., 2004). Based on these arguments, 

the following two hypotheses can be derived. 

 

 Hypothesis 3.1: When experience depth is low, firms with repetitive learning (no 

experimentation) show higher growth. 

 

 Hypothesis 3.2: When the experience depth is high, firms with deliberate learning 

(more experimentation) show higher growth. Particularly, the impact increases as 

experimentation based on core knowledge. 
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4.3 Methodology 

 

 Data 

  This chapter conducts empirical analysis of listed manufacturing firms in Korea. 

Listed firms are responsible for a large portion of the overall Korean firms’ innovation 

activities. According to Bae et al. (2016), the total R&D investment by listed firms in 2016 

accounted for 75% of total R&D investment. Further, listed firms can stabilize their 

innovation activities. Therefore, it is appropriate for the analysis in this chapter to 

understand the long-term process of knowledge accumulation within the firm. 16  The 

Korean stock market can be divided into the Korea Composite Stock Price Index (KOSPI) 

and Korea Securities Dealers Automated Quotation (KOSDAQ). KOSPI is focused on 

large firms, while KOSDAQ is based on NASDAQ. The latter is focused on promising 

small and medium-sized enterprises (SMEs) and technology startups. The data target for 

the manufacturers included on each of the two stock markets covers firms of various size. 

Based on firm-level data, this chapter constructed a unique panel dataset that combines 

firm financial and patent information. The KIS-value database provided by National 

Information & Credit Evaluation Inc. (NICE) provides financial data since 1985 for the 

firms subject to external audit in Korea. This chapter extracted financial information on 

listed manufacturing firms, as well as initial public offering (IPO) information, such as the 

date of listing, delisting, and the market. The PATSTAT database (Autumn 2017 edition) 

                                            
16 According to the Korean Innovation Survey (KIS), 79.2% of listed manufacturing firms in 2015 are engaged 

in R&D activities. Therefore, the majority of listed manufacturing firms are creating the conditions for 

innovation activities. 
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contains worldwide patent information. Each patent provides comprehensive information, 

such as applicant, date of filing, International Patent Classification (IPC) codes, and citation 

information. PATSTAT patents for listed firms are matched using applicant information. 

However, a matching problem arises in this process due to name variants for the same 

applicant. At the time of filing a patent application, the applicant will enter a name 

(company name), not a unique identifier. In this process, even if the applicant is the same, 

there are many variations resulting from lack of uniform names, spelling errors, or changes 

in company names among others. Therefore, matching patents with firm-level data is not 

always accurate. For this reason, some researchers have attempted to standardize applicant 

names through name cleaning. Recently, the Organisation for Economic Co-operations and 

Development (OECD) has been working on harmonizing firm applicants in various 

countries. Based on text matching algorithms, the OECD Harmonised Applicants Names 

(HAN) database, which regroups the names of applicants and provides them with unique 

codes (HAN_ID), is released. However, OECD HAN still has mismatchs and errors. 

Additionally, if a company’s name change, the patents are not recognized as belonging to 

the same company. Here, errors were corrected and all company name information changes 

since entry were tracked and recognized as the same firm. 

Based on harmonized names, matching between PATSTAT and KIS-value was done. 

Specifically, an unbalanced panel that covers all periods, from listed to delisted data, was 

constructed. Firms listed since 2014 were excluded from the analysis due to the difficulties 

of determining their growth paths. Finally, this chapter constructs an unbalanced panel 



124 

 

dataset containing information on 1,455 listed manufacturing firms from 1985 to 2014.17 

Figure 4-1 shows the annual trend of listed firms. Along with Korea’s economic growth, 

the number of listed firms has recently increased to more than 1,000 from less than 200 in 

the 1980s.18  They cumulatively filed 444,081 patents during the listing period, starting 

from five years before the IPO.19 

 

 

Figure 4-1. Annual number of listed firms (1985-2014) 

 

 Variables 

The dependent variable is firm growth, represented by sales. This index reflects the 

short- and long-term changes of firms and is widely used in the literature (Coad, 2009). 

                                            
17  There were 1,075 manufacturing firms listed on the KOSPI or KODAQ in 2014. Additionally, 403 

manufacturing firms have been delisted until 2014. As such, this dataset includes most (98.4%) listed 

manufacturing firms. 
18 In 2018, 1,258 manufacturing firms were listed on the KOSPI or KOSDAQ. 
19 For family patents, only one of the first applied patents is considered. 
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Firm growth is defined as the differences in log values of sales, as follows: 

 

  Growthi,t = ln(Salesi,t) − ln(Salesi,t−1
̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ )   (4.1) 

 

where i and t denote the firm and year, respectively, and 𝑆𝑎𝑙𝑒𝑠𝑖,𝑡−1
̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅  is the average value of 

three-year sales, (𝑆𝑎𝑙𝑒𝑠𝑖,𝑡−1 + 𝑆𝑎𝑙𝑒𝑠𝑖,𝑡−2 + 𝑆𝑎𝑙𝑒𝑠𝑖,𝑡−3) 3⁄ . It takes into account the log 

average values of the most recent three years’ sales to minimize the effects of sales volatility. 

Because the distribution of growth rates varies by industry, it is necessary to control the 

industrial effects that affect firm growth. However, the fixed-effects model used in this 

chapter cannot estimate time invariant industrial dummy. The growth rate distribution is 

normalized by eliminating the average growth rates of each industry (Bottazzi et al., 2011; 

Capasso et al., 2013). The dependent variable (Y) used in the regression analysis is as 

follows: 

 

  Yi,t = Growthi,t −
1

Nj,t
∑ Growthij,t

Nj,t

i=1
   (4.2) 

 

where i, j and t denote the firm, industry, and year, respectively. 𝑁𝑗,𝑡  denotes the number 

of firms belonging to industry j at t period. 

The patent information filed by each firm is used to understand the accumulation process 

of technological knowledge in a firm. While many of the patents are not valuable and not 

all knowledge within a firm is filed as a patent (Nagaoka al., 2010), patents still provide 

comprehensive and structured information related to the technological knowledge in the 

firm and have been used in many studies (Nagaoka et al., 2010). Each patent is assigned 
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IPC codes, which represent the technical domains covered by it. Therefore, each IPC code 

can be understood as a knowledge component possessed by the firm (Huang and Chen, 

2010). Specifically, all patents consist of single or multiple IPC codes, which can be used 

to determine how various knowledge are combined. Experience and experimentation are 

measured based on this information (4-digits IPC level). 

  Experience can be defined as “How often has the knowledge created by firm i in period 

t been generated over the past five years ([t – 5, t – 1])?”. More specific IPC codes indicate 

deeper experience in specific areas of knowledge (Katila and Ahuja, 2002). The depth of 

experience of firm i at t is measured by the degree of repetition in specific IPC domains. 

Experience_depth is defined as follows according to Lodh and Battaggion (2014): 

 

 Experience_depthi,t = (
1

nTech
)2

∑ Repeated IPCi,t
t−1
s=t−5

Total IPC i,t

 

 

where nTech is the total number of IPC codes that were created by firm i over the past five 

years and Total IPC stands for the total number of IPC codes generated at t. Repeated IPC 

represents the number of times the IPC j that firm i created during t has been repeatedly 

generated over the past five years. Therefore, Eq. (4.3) removes the scale effect. This value 

increases as firms continue to create knowledge in a specific domain and the square term 

is considered to include the possibility of nonlinear effects on firm growth. 

Experimentation can be defined as “How many new combinations of knowledge appear 

in firm i in period t that had not appeared in the past five years ([t – 5, t – 1])?”. A patent 

that belongs to more than two IPC codes can be understood as a result of searching and 

(4.3) 
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learning knowledge under various technology domains. It can show how the firm has 

pursued the combination of various knowledge. The degree of experimentation of firms is 

understood as novel knowledge combinations. The measure of knowledge combination in 

a firm follows the definition used by Carnabuci and Operti (2013) and Verhoeven et al. 

(2016). First, for multiple IPC codes in a patent, a set of pairwise combinations between 

IPC codes is established.20 Patents with only one IPC code (e.g., A24D) are set to have one 

pair of combination (e.g., A24D-A24D). Second, based on a set of firms, the number of 

new knowledge combinations in firm i over period t that had not appeared in the past five 

years is identified (Novel knowledge combination; Strumsky and Lobo, 2015; Carnabuci 

and Operti, 2013; Verhoeven et al., 2016). Finally, to control the scale effect, the value is 

divided by firm i’s total number of knowledge combinations at t. The degree of 

experimentation of firm i at t is defined as follows: 

 

Experimentation_ratioi,t =
Novel knowledge combinationi,t

Total knowledge combination i,t

 

 

whose values range between 0 and 1, where 0 means there is no new knowledge 

combination among the total knowledge combinations of period t. That is, the firms do not 

experiment. The closer the value is to 1, the more active experimentation is. Finally, 

interaction variables are considered in the model to examine the interaction effects of 

experience and experimentation. 

Control variables that influence firm growth are also included in the model. First, in 

                                            
20 For example, if Patent A contains IPC codes such as A61P, A61K, and C07D, then it has three pairs of 

combinations, A61P-A61K, A61P-C07D, A61K-C07D. 

(4.4) 
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terms of experience, breadth is an important consideration. As firms have identified the 

extent of pursuing new experiences, the measures is as follows (Lodh and Battaggion, 

2014):21. 

 

Experience_newi,t = (
1

nTech
)2

New_IPCi,t

Total_IPCi,t

 

 

where New_IPC denotes for the number of new IPC codes at t that had not appeared during 

the past five years [t – 5, t – 1]. A large value means that the firm seeks experience in new 

knowledge domains and has diverse knowledge. Second, it considers the number of patents 

applied for by the firm over period t (Num_patent). The number of patents is most often 

used in the previous studies that consider quantitative aspects of knowledge accumulation. 

Third, firm size and age are considered as the characteristics of the firm that affect growth. 

Since the work of Gibrat (1931), numerous studies have been conducted to identify the 

relationship between firm size and growth. The larger firm size, the higher (Singh and 

Whittington, 1975; Bentzen et al., 2012) or the lower (Hall, 1987; Audretsch et al., 2004) 

the growth rates. Firm size is measured by the logarithm of sales (Size). Age also has a 

significant impact on firm growth. According to Coad et al. (2013), as firm age increases, 

learning-by-doing is a positive aspect of firm growth, while rigidity has a negative effect. 

The extent of both effects varies by country, industry or period, resulting in differences in 

the effect on firm growth. Firm age is controlled for the period of entry (Age). Forth, this 

                                            
21 It can be understood as knowledge breadth, such as Lodh and Battaggion (2014), in terms of diversifying 

experience into new domains. 

(4.5) 
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chapter considers the capital structure of firms, such as debt and profitability. The capital 

structure affects not only firm value but also investment for future growth. The ratio of the 

debt of firm i over period t is measured by dividing total liabilities by total assets 

(Debt_ratio). Profitability is controlled by the ratio of the firm i’s profit to sales in t 

(Profit_ratio). Finally, year dummies are considered to control the external environment, 

such as economic fluctuations (Year dummies). 

The empirical variables are summarized in Table 4-1. All variables are measured annually 

by firm, and those variables related to knowledge accumulation (Experimentation_ratio 

Experience_depth, Experience_new and Num_patent) are considered to have a one-year 

lag effect on firm growth. 

 

Table 4-1. Definitions of empirical variables 

Variable Definition 

Y (Firm growth) 
Differences between log sales and average log sales over the past 

three years 

Experience_depth 
The extent of a particular knowledge domain which has been 

repeatedly generated over the past five years  

Experimentation_ratio Ratio of the new knowledge combinations to total combinations 

Num_patent Number of patents  

Experience_new 
The extent to which new knowledge domains have not been created 

over the past five years  

Debt_ratio Ratio of total liabilities to total assets  

Profit_ratio Ratio of profit to sales  

Size Logarithm of firm i’s sales  

Age Firm age 
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 Model 

To understand the relationship between knowledge accumulation strategies and firm 

growth, this chapter focuses only on innovators that have applied for least one patent over 

period t. Since innovators and non-innovators are not stochastic, a sample selection 

problem can arise when analyzing innovative firms (Roper et al., 2008; Vega-Jurado et al., 

2009). To cope with this problem, this chapter considers the firm’s decision on innovation, 

in which the sample is selected and the two stages of analysis are conducted. 

The first step is the selection equation, which identifies the factors that affect the 

probability that a firm i becomes an innovator in period t. Since the dependent variable is 

binary, this chapter uses probit models The regression model is as follows: 

 

     Ii,t
∗ = βxi,t + εi,t          (4.6) 

 

where the subscripts i and t represent the firm and year, respectively, and ε denotes the 

error term. 𝐼i,t
∗  is not actually observed as a latent variable but as Ii,t, which takes the value 

1 if firm i innovates in period t, and 0 otherwise. The probability of becoming an innovator 

is as follows: 

 

  P(Ii,t = 1) = P(yi,t
∗ > 0) = P(εi,t > −βxi,t) = Φ(βxi,t)   (4.7) 

 

The probit model assumes the cumulative distribution function of the standard normal 

distribution (Φ). The explanatory variables are used based on the variables in the main 
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equation and, additionally, the lagged dummy of R&D activity and industrial dummies are 

considered. Eq. (4.7) is estimated with the maximum likelihood estimation (MLE) with 

1,455 firms considering both innovators and non-innovators. 

 

L(β) = ∏ P𝑖,𝑡
Ii,t(1 − P𝑖,𝑡)1−Ii,t

𝑁

𝑖=1

= ∏ Φ(βxi,t)Ii,t(1 − Φ(βxi,t))1−Ii,t

𝑁

𝑖=1

 

 

This works with a log-likelihood function, which is 

 

lnL(β) = ∏ [Ii,tlnΦ(βxi,t) + (1 − Ii,t)ln (1 − Φ(βxi,t))]

N

i=1

 

 

Based on the results of the MLE method, it calculates the inverse Mills ratio (IMR) as 

the omitted variable. The IMR means the non-selection hazard that the observations will 

be excludes from the sample and is calculated as the ratio of the probability distribution 

function to the cumulative distribution function of each observation based on the estimated 

parameters: 

 

IMR =
𝜙(−�̂�xi,t)

Φ(−�̂�xi,t)
=

𝜙(�̂�xi,t)

1 − Φ(�̂�xi,t)
 

 

where 𝜙 is the standard normal density. 

The second step is to conduct an analysis of the main equation with innovators. The 

(4.8) 

(4.9) 

(4.10) 
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analysis is performed by including the IMR as an explanatory variable in the model. This 

step is estimated as a fixed-effects model, assuming the unobserved heterogeneity is 

different and constant across firms. The Breusch-Pagan/Cook-Weisberg test for 

heteroscedasticity rejects the null hypothesis that error variances are all equal. Therefore, 

this chapter uses robust standard errors to correct for heteroscedasticity. 

Additionally, the main equation is estimated using quantile regression to understand the 

impact of knowledge accumulation strategies on high-growth. The heterogeneity of firm 

growth is thus observed (Bottazzi et al., 2001; Coad, 2007). Specifically, as interest in high- 

(or low-) growth firms located on the tail of the growth rate distribution is increasing, it is 

common that their determinants differ from the average growth firm. Since the 

conventional regression analysis is based on the conditional mean of y given x, it is not 

possible to identify changes in the determinants by the different points of the conditional 

growth rates distribution. Koenker and Bassett (1978) introduced quantile regression, 

which can determine how the effects of the explanatory variables for each quantile of the 

dependent variable differ. Therefore, quantile regression is widely used in recent research 

to understand the relationship between innovation and firm growth (Coad and Rao, 2008; 

Falk, 2012; García-Manjón and Romero-Merino, 2012; Czarnitzki and Delanote, 2012; 

Capasso et al., 2015; Coad et al., 2016). 

For quantile regression, it first needs to understand the quantile function. Let 𝑄𝜏 be the 

τth order quartile of y, a random variable with F(y) distribution. 

 

Qτ = inf{y: F(y) ≥ τ}   where F(y) = P(Y ≤ y)        (4.11) 
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where 𝑄𝜏  is the largest value among the values less than or equal to the y satisfying 

𝐹(𝑦) ≥ 𝜏. Since 𝐹(𝑄𝜏) = 𝜏 when F(y) is continuous and strictly monotonic, 𝑄𝜏 is the 

value of the inverse cumulative distribution function, 𝑄𝜏 = 𝐹−1(𝜏). 

  According to Koenker and Bassett (1978), the linear model used for quantile regression 

can be expressed as follows: 

 

  yi,t = ατ + βτxi,t + 휀τi,t
         (4.12) 

 

where 𝛽𝜏 is the vector of parameters to be estimated in the τth quartile. Given x, let τth 

be the conditional quantile function of y. 

 

Qτ(yi,t|xi,t) = ατ + βτxi,t           (4.13) 

 

The quantile regression coefficients 𝛼𝜏 and 𝛽𝜏  are estimated by minimizing the 

weighted sum of absolute residuals. It differs from ordinary least squares (OLS), which is 

a way to minimize the sum of squared residuals [∑(𝑦𝑖,𝑡 − 𝛼 − 𝛽𝑥𝑖,𝑡)2]. 

 

min
𝛼𝜏,𝛽𝜏

{ ∑ 𝜏|𝑦𝑖,𝑡 − 𝛼𝜏 − 𝛽𝜏𝑥𝑖,𝑡|

𝑦𝑖,𝑡≤𝛼𝜏+𝛽𝜏𝑥𝑖,𝑡

 + ∑ (1 − 𝜏)|𝑦𝑖,𝑡 − 𝛼𝜏 − 𝛽𝜏𝑥𝑖,𝑡|

𝑦𝑖,𝑡>𝛼𝜏+𝛽𝜏𝑥𝑖,𝑡

} 

       (4.14) 

 

In the objective function, the left-hand term represents the sum of all negative residuals 

of the observations below the τth quartile in the conditional distribution and the right-hand 

term the sum of all positive residuals of the observations above the quartile. Each term is 
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weighted differently according to quantiles. For example, in the lower 10% of the 

conditional distribution of growth rates, the marginal effect �̂�0.1  of the factor that 

determines the low-growth firm can be estimated by weighing 0.1 to the left term and 0.9 

to the right term. Additionally, the median is a least absolute deviation (LAD) method that 

gives equal weights to each term. Quantile regression can be estimated using all the 

observations. Additionally, it has an advantage of solving the problem of heteroscedasticity 

in the data. Linear programming methods can be used to estimate the regression coefficients 

for each quantile of the conditional distribution. 

Several studies using quantile regression are based on cross-section analysis. Since this 

does not consider unobservable firm-specific effects panel quantile regression is being used 

(Coad et al., 2016). Fixed-effects quantile regression proposed by Canay (2011) is 

conducted. Canay (2011) suggests the following two steps. The first step is to estimate the 

parameters using a panel fixed-effects model. Based on the results of this analysis, the 

unobserved fixed-effects (�̂�𝑖 = 𝐸𝑇(𝑦𝑖,𝑡 − �̂�𝑥𝑖,𝑡))can be estimated. In the second step, the 

existing dependent variable is transformed by subtracting the estimated fixed-effects 

(�̂�𝑖,𝑡 = 𝑦𝑖,𝑡 − �̂�𝑖 ). Finally, quantile regression is conducted to examine the effect of 

explanatory variables on the transformed dependent variable. The standard error of each 

parameter is obtained with 100 bootstrap repetitions. 

 

4.4 Stylized facts of Korean manufacturing firms 

This section examines the evolution patterns of knowledge accumulation in Korean 

listed manufacturing firms. This empirical evidence could explain why Korean firms are 
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currently showing weak technological competitiveness and declining performances. 

In terms of the quantitative aspects of process of knowledge accumulation, Figure 4-2 

shows the share of innovators that applied for at least one patent over period t (patent𝑖,𝑡 ≥ 1) 

and the total number of patent applications by year. During economic crises such as that of 

the IMF in the late 1990s and the dot com bubble of the early 2000s, knowledge creation 

decreased, but is generally showing an increasing trend. Particularly, since the mid-2000s, 

the share of innovators among all firms increased and, as a result, patents have increased 

exponentially. 

Table 4-2 shows the persistence of patenting using the transition probability matrix 

(TPM). Transition probability is the probability of moving from the current state to a future 

state, thus understanding how the state changes over time. The one-year transition 

probability can be defined as follows: 

 

pij = P(Xt+1 = j|Xt = i)     (4.15) 

 

where pij indicates the probability of a transition from state i to j over a given period, and 

the TPM is a matrix with all state changes as elements.22 In this analysis, the state space is 

divided into innovator and non-innovator, separated by at least one patent application over 

a given period. The results in Table 4-2 show that innovation decisions tend to persist. In 

other words, when a firm starts innovation, there is a high probability it will continue to 

innovate. This can be expected not only because of the nature of innovation such as sunk 

                                            
22 The transition probability matrix has the following properties: 

1) 𝑝𝑖𝑗 ≥ 0, 𝑖, 𝑗 ∈ 𝑆(state space). 

  2) ∑ 𝑝𝑖𝑗𝑗∈𝑆 = 1 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑖 ∈ 𝑆. 
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and adjustment costs, but also because Korean firms recognize the importance of 

innovation-based growth. 

 

 

Figure 4-2. Number of patents and share of innovators among total firms 

 

Table 4-2. Transition probability matrix for innovation decisions 

         t+1 period 

t period 
Non-innovator Innovator 

Non-innovator 84.14 15.86 

Innovator 22.60 77.40 

 

Over the past three decades, Korean firms have started their internal innovation activities 

and, as a result, have accumulated large amounts of knowledge stocks. However, this 

perspective does not provide information on what knowledge domains and how firms 
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accumulate knowledge. 

The qualitative perspective of knowledge accumulation is as follows. Figure 4-3 presents 

the average annual trends of Experience_depth. Korean firms tended to increase their 

experience in specific knowledge domains from the 1990s to the early 2000s. However, 

since the mid-2000s, the depth of experience has gradually decreased and ultimately 

stagnated. This implies that the specialized competence of Korean firms is declining. Figure 

4-4 shows the average annual trends of Experimentation_ratio, according to which the 

novel ways of learning strategy are steadily declining. Figure 4-5 shows the evolution of 

both Experience_depth and Experientation_ratio.23  In the early period of Korean firms 

building their innovation capacity, their depth of experience was low, but they changed 

their learning strategies trough new attempts. Since then, they have obtained specialized 

competence by concentrating on specific knowledge domains. Recently, however, 

specialized competence has been stagnant and experimentation low. This evidence can be 

expected to be one of the reasons why Korean manufacturing firms have lost their 

technological competitiveness and growth rates in recent years despite the quantitative 

increase in their innovation activities. In the next section, multivariate analysis is conducted 

                                            
23 There is a criticism that the latest patent information may not be able to express the innovation activity of 

the firm properly due to the time lag from innovation activity to patent application. In this chapter, 

Experience_depth (Experimentation_ratio) are divided into four quantiles, and the TPM for the 2005-2009 and 

2010-2014 quantiles examined. As a result of the analysis, experience and experimentation show relatively high 

tendencies to maintain their quantiles. For example, firms with lower experience (experimentation) values 

during 2005-2009 are more likely to have lower values during 2010-2014 as well. This evidence can be 

expected, as the experience and experimentation values measuring the latest patent information represent the 

firm’s innovation activities. 
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to identify knowledge accumulation strategies for firm growth. 

 

 

Figure 4-3. Annual trend of experience 

 

 

Figure 4-4. Annual trend of experimentation 
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Figure 4-5. Annual trend of experimentation and experience 

 

4.5 Empirical results 

 

 Descriptive statistics 

Figure 4-6 shows the growth (Y) distribution of innovators and non-innovators, 

respectively. The average growth rates of innovators are statistically significantly higher 

than the average growth rates of non-innovators (Group mean T-test: T-statistics=-4.80, P-

values=0.000). However, there is no significant difference in their average growth rates, 

and the innovators’ distribution shows wider variation. This evidence implies that 

innovative knowledge generation does not guarantee growth. Therefore, it is necessary to 

consider how to create and accumulate knowledge from the qualitative aspect. 
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Figure 4-6. Growth distribution of non-innovators and innovators 

 

This chapter examines the knowledge accumulation strategies of innovators to explain 

the differences in growth rates among them. Table 4-3 shows the descriptive statistics and 

correlation between empirical variables (only innovators), which provides the following 

evidence. First, knowledge accumulation strategies are heterogeneous among innovators. 

Additionally, this chapter examines whether differences in these strategies differ by 

industrial regimes. Industries are classified as High-tech, Med-high-tech, Med-low-tech, 

and Low-tech according to OECD standards (Appendix 3). As a result of examining each 

experience and experimentation value, there are no significant (mean) differences among 

industries (Figures 4-7 and 4-8). Especially, regardless of industry, heterogeneity among 

firms appears in each industry. This evidence implies that knowledge accumulation 

strategies are determined by firm-specific factors rather than industry-specific ones. Second, 

there is a significant correlation between experience and experimentation, but the degree is 
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Table 4-3. Descriptive statistics and correlations (only innovators) 

Variable Obs. Mean S.D. 1. 2. 3. 4. 5. 6. 7. 8. 

1. Experience_depth 7,015 0.204 0.981 1.000        

2. Experimentation_ratio 7,015 0.326 0.320 -0.180 1.000       

3. Num_patent 7,015 52.368 300.812 -0.033 -0.143 1.000      

4. Experience_new 7,015 0.046 0.178 -0.049 0.458 -0.044 1.000     

5. Debt_ratio 7,015 0.485 0.347 -0.048 0.046 0.023 0.057 1.000    

6. Profit_ratio 7,015 0.168 0.132 0.038 -0.071 -0.014 -0.006 -0.109 1.000   

7. Size 7,015 18.490 2.254 -0.060 -0.068 0.292 -0.019 0.254 0.022 1.000  

8. Age 7,015 27.249 15.194 -0.007 -0.045 0.106 -0.009 0.024 0.003 0.236 1.000 

 

Note: Correlations in bold denote statistical significance at the 5% level.
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Figure 4-7. Average value of experience by industry 

 

 

Figure 4-8. Average value of experimentation by industry 
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low. In order words, firms with higher experience depth tend to attempt less 

experimentation, but the choice of the two strategies is heterogeneous across firms. Third, 

the correlation coefficient between Experience_new and Experimentation_ratio shows a 

relatively high positive value, which implies there are many attempts to combine new 

knowledge domains that firms have not experienced before. Therefore, experimentation 

can include strategies for the diversity of knowledge base, as well as new combinations 

between existing knowledge. Additionally, since the variance inflation factor (VIF) is not 

high, the two variables are considered simultaneously in one regression model. 

 

 Multivariate analysis 

This section identifies the effects of experience and experimentation and the interaction 

between the two strategies on firm growth. As previously mentioned, empirical analysis is 

conducted in two stages to correct the sample selection problem. The first step is to estimate 

the selection equations (Appendix 2). According to the analysis results, the lower the debt 

ratio, the larger the firm size, and the lower the firm age, the more likely the firm is to 

become an innovator. Based on the estimation results, the IMR is calculated. In the second 

step, the IMR is added as a control variable to main equation and then analyzed for 

innovators. Table 4-4 shows the results. Model (1) presents the results using only control 

variables, while Models (2) and (3) include experience and experimentation, respectively. 

Model (4) shows the results using all variables. Consistent results across all models are 

confirmed. IMR is not statistically significant. In other words, this chapter does not present 

the sample selection problem.  
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Table 4-4. Results of main equation 

Notes: 1. Standard errors are in parentheses. 

2. These standard errors are called heteroscedasticity-consistent standard errors. 

3. ***, **, and * denote statistical significance at the 1%, 5%, and 10% levels, respectively. 

Y (Firm growth) Model (1) Model (2) Model (3) Model (4) 

Experience_depth (t-1)  
0.015* 
(0.009) 

 
0.020** 
(0.009) 

Experience_depth2 (t-1)  
-0.001** 
(0.000) 

 
-0.001*** 

(0.000) 

Experimentation_ratio (t-1)   
0.038** 
(0.017) 

0.052*** 
(0.018) 

Experience_depth X 

Experimentation_ratio (t-1) 
   

-0.390** 
(0.153) 

Experience_depth2 X 

Experimentation_ratio (t-1) 
   

0.252** 
(0.114) 

Num_patent (t-1) 
-0.007** 
(0.003) 

-0.007** 
(0.003) 

-0.007** 
(0.003) 

-0.007** 
(0.003) 

Experience_new (t-1) 
-0.003 
(0.035) 

0.001 
(0.035) 

-0.029 
(0.036) 

-0.035 
(0.037) 

Debt_ratio 
-0.084*** 

(0.028) 
-0.084*** 

(0.028) 
-0.084*** 

(0.028) 
-0.083*** 

(0.028) 

Profit_ratio 
0.980*** 
(0.127) 

0.978*** 
(0.127) 

0.980*** 
(0.126) 

0.981*** 
(0.126) 

Size 
0.454*** 
(0.044) 

0.455*** 
(0.044) 

0.454*** 
(0.044) 

0.454*** 
(0.044) 

Age 
0.008 

(0.005) 
0.008 

(0.005) 
0.008 

(0.005) 
0.008 

(0.005) 

IMR 
-0.031 
(0.115) 

-0.029 
(0.115) 

-0.037 
(0.115) 

-0.039 
(0.114) 

Year dummies Yes Yes Yes Yes 

Constant 
-8.920*** 

(0.860) 
-8.931*** 

(0.861) 
-8.924*** 

(0.858) 
-8.926*** 

(0.859) 

R-squared 0.042 0.042 0.042 0.043 

Number of firms 1,151 1,151 1,151 1,151 

Observations 7,015 7,015 7,015 7,015 
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Figure 4-9. Knowledge accumulation strategies and fitted values of firm growth (Model 4) 

 

Figure 4-9 shows the relationship between knowledge accumulation strategies and fitted 

values of firm growth based on the results of Model (4). “No experimentation”, “Less 

experimentation” and “More experimentation” include 0 and the median, and third quartile 

values of Experimentation_ratio (Experimentation_ratio=0.000, 0.238, 0.500). This figure 

can be used to verify the research hypotheses. First, the depth of experience has a 

significant positive impact on firm growth, but the quadratic has a negative one. That is, 

firms that continue to accumulate knowledge in specific domains show higher growth rates, 

but marginal returns are decreasing. Second, firms that are active in experimentation have 

higher growth rates than those that are not. A firm that pursues new learn strategies rather 

than existing strategies grows. New attempts can expand the firm’s knowledge base and 

provide new opportunities. Third, the interplay effect between experience and 
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experimentation can be confirmed. Specifically, with a low experience level, excessive 

changes in searching strategies hinder firm growth, as new learning strategies do not always 

guarantee growth. This is consistent with Marengo’s (1992) claim that decentralized 

learning does not necessarily lead to firm performance. This can add to uncertainty in the 

organization and cause adjustment costs. Therefore, when experience depth is low, it is 

necessary to minimize learning time and costs through repetitive searching strategies. A 

new searching strategy is needed once knowledge is accumulated in a specific domain. 

Because repetitive searching strategies limit the creation of additional value, it is necessary 

to diversify the knowledge base and provide new opportunities for core knowledge using 

new problem solving methods. 

The results of the control variables, such as Num_patent and, Experience_new, can be 

used to reinforce the above argument. Num_patent has a lower estimated coefficient but a 

significant negative impact on firm growth. This means that the quantitative increase in 

knowledge generation does not necessarily lead to firm growth. That is, the direction and 

strategy of knowledge accumulation is more important than the number of innovation 

activities. Experience_new has no significant impact on firm growth. When a new 

knowledge domain is used as a component of a new combination, it affects firm growth, 

but new knowledge alone does not guarantee growth. It can be understood that 

experimentation is used as a strategy to introduce new knowledge, but the new knowledge 

introduced is used strategically, to rather strengthen existing core knowledge than create 

value itself. 

Other control variables also affect firm growth. First, the capital structures of the firm 

have significant impacts on firm growth. For instance, the debt ratio has a negative effect 
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on firm growth. The higher the ratio of debt, the more difficult it is to maintain stable 

management activities and impede investment for growth opportunities. Profitability has a 

positive effect on firm growth. Market selection is made in terms of which market share is 

allocated from low-profit firms to high-profit firms (Coad, 2009). Second, larger firms have 

higher growth rates as they have stable growth conditions due to economies of scale in 

production and more diverse markets (Bentzen et al., 2012). In fact, most Korean SMEs 

are highly dependent on large firms and sensitive to external shocks. That is, they do not 

have stable growth conditions. Finally, firm age has no significant effect on firm growth. 

Table 4-5 shows the results of the fixed-effects quantile regression corrected for selection 

bias.24 ,25  The effect of the explanatory variables changes by the different points of the 

conditional growth rate distribution. In case of low-growth firms (lower quantiles), 

Experience_depth and Experimentation_ratio each have a positive impact on firm growth, 

but the interaction between variables is not significant. That is, each strategy dose not 

induce growth to escape low growth. On the other hand, for high growth, interaction 

variables between Experience_depth and Experimentation_ratio have a significant effect 

on firm growth. That is, firms that accumulate knowledge in a particular field and attempt 

novel ways of learning strategies become high-growth firms. The size of the estimated 

coefficients (Experience_depth2 X Experimentation_ratio) is greater at the upper quantiles 

of the conditional growth distribution, which implies that the more a firm has experience 

in an area, the more its marginal returns come from the new combinations of various 

knowledge. 

                                            
24 The median result (50%) is similar to Model (4) in Table 4-4. This means that the presence of outliers in the 

data used in this chapter is not a big problem. 
25 According to Buchinsky (2001), this is theoretically contradictory because the selection equation estimates 

the average trend and the main equation is estimated by quantile regression. Therefore, this chapter did not 

control for IMR, and i the results are similar to those in Table 4-5 (Appendix 4). 
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Table 4-5. Quantile regression: Results of main equation 

Y (Firm growth) 
Lower quantiles Median Upper quantiles 

5% 10% 20% 50% 80% 90% 95% 

Experience_depth (t-1) 
0.028*** 

(0.009) 

0.019*** 

(0.006) 

0.017** 

(0.007) 

0.018*** 

(0.006) 
0.017** 
(0.007) 

0.014 
(0.012) 

0.018 
(0.016) 

Experience_depth2 (t-1) 
-0.001 

(0.001) 

-0.001 

(0.001) 

-0.001** 

(0.000) 

-0.001** 

(0.000) 
-0.001*** 

(0.000) 
-0.001 
(0.001) 

-0.001 
(0.001) 

Experimentation_ratio (t-1) 
0.087** 

(0.035) 

0.070*** 

(0.022) 

0.051*** 

(0.013) 

0.042*** 

(0.008) 
0.043** 
(0.021) 

0.057** 
(0.024) 

0.079** 
(0.037) 

Experience_depth X 

Experimentation_ratio (t-1) 
-0.720 

(0.218) 

-0.318** 

(0.151) 

-0.266* 

(0.157) 

-0.391*** 

(0.116) 
-0.524*** 

(0.175) 
-0.686*** 

(0.206) 
-0.927*** 

(0.241) 

Experience_depth2 X 

Experimentation_ratio (t-1) 
0.270 

(0.168) 

0.220* 

(0.121) 

0.145 

(0.128) 

0.258*** 

(0.088) 
0.351*** 
(0.117) 

0.423*** 
(0.149) 

0.500* 
(0.278) 

Num_patent (t-1) 
-0.007*** 

(0.003) 

-0.012*** 

(0.002) 

-0.009*** 

(0.001) 

-0.007*** 

(0.000) 
-0.005*** 

(0.001) 
-0.006*** 

(0.000) 
-0.007*** 

(0.001) 

Experience_new (t-1) 
-0.029 

(0.043) 

-0.070* 

(0.041) 

-0.018 

(0.037) 

-0.026*** 

(0.008) 
-0.057 
(0.038) 

-0.033 
(0.039) 

-0.033 
(0.053) 

Debt_ratio 
-0.227*** 

(0.041) 

-0.214*** 

(0.030) 

-0.159*** 

(0.023) 

-0.062*** 

(0.006) 
0.005 

(0.027) 
0.061** 
(0.027) 

0.043 
(0.047) 

Profit_ratio 
1.120*** 

(0.048) 

1.024*** 

(0.044) 

1.024*** 

(0.030) 

0.973*** 

(0.016) 
0.824*** 
(0.026) 

0.756*** 
(0.041) 

0.716*** 
(0.054) 

Size 
0.474*** 

(0.003) 

0.470*** 

(0.003) 

0.465*** 

(0.002) 

0.453*** 

(0.001) 
0.438*** 
(0.002) 

0.431*** 
(0.003) 

0.429*** 
(0.004) 

Age 
0.009*** 

(0.001) 

0.009*** 

(0.000) 

0.008*** 

(0.000) 

0.008*** 

(0.000) 
0.008*** 
(0.000) 

0.007*** 
(0.000) 

0.007*** 
(0.001) 

IMR 
-0.011 

(0.021) 

0.003 

(0.013) 

-0.001 

(0.009) 

-0.040*** 

(0.005) 
-0.087*** 

(0.012) 
-0.108*** 

(0.015) 
-0.123*** 

(0.023) 

Year dummies Yes Yes Yes Yes Yes Yes Yes 

Constant 
-9.679*** 

(0.080) 

-9.491*** 

(0.058) 

-9.292*** 

(0.039) 

-8.897*** 

(0.020) 
-8.435*** 

(0.041) 
-8.164*** 

(0.058) 
-8.013*** 

(0.082) 

Pseudo R2 0.695 0.714 0.737 0.779 0.802 0.812 0.818 

Observations 7,015 
 

Notes: 1. Standard errors are in parentheses. 

2. These standard errors are obtained using 100 bootstrap replications. 

3. ***, **, and * denote statistical significance at the 1%, 5%, and 10% levels, respectively. 
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In sum, it is important to accumulate knowledge persistently in a specific domain. 

However, the learning strategy should change according to the depth of experience. After 

a certain amount of knowledge has been accumulated by repetitive learning strategy, novel 

ways of learning are needed for sustainable growth. 

 

4.6 Additional analysis: Types of experimentation 

An additional analysis is performed by dividing experimentations into those with core 

knowledge and those without it.26 The core knowledge of firm i is defined by the IPC code 

that has been generated the most during the past five years ([t – 5, t – 1]). The new 

combinations of knowledge in period t in firm i are accordingly divided into combinations 

that include core knowledge and those that do not. 

Table 4-6 shows the results of the fixed-effects corrected selection bias for the main 

equation. Models (1) and (2) consider new combinations with core knowledge 

(Experimentation_core_ratio) and new combinations without core knowledge 

(Experimentation_ncore_ratio), respectively. Model (3) includes using both variables 

simultaneously and the consistency of the results between the models is confirmed. Figure 

4-10 shows the relationship between knowledge accumulation strategies and the fitted 

values of firm growth depending on the type of experimentation based on the results of 

Model (3).27 Regardless of experimentation type, this has a positive effect on firm growth. 

However, there is a different tendency when considering the mutual effects between 

                                            
26 Experimentation = Experimentation with core knowledge + Experimentation without core knowledge 
27

  As in Figure 4-7, the 0 values, median, and third quartile of Experimentation_core_ratio and 

Experimentation_ncore_ratio, respectively, are considered. 
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experience and experimentation. Figure 4-8 (a) shows the results of experimentation with 

core knowledge. The higher the depth of experience, the greater the effect of the 

experimentation. Core knowledge is central to a novel learn strategy, which results in self-

reinforcing effects that enhance core knowledge. The world’s leading firms have used core 

knowledge as a foundation for new attempts, thereby expanding and strengthening their 

core knowledge (Cantweel and Fai, 1999; Suzuki and Kodama, 2004). By contrast, 

experimentation without core knowledge has limited effectiveness (Figure 4-8, (b)). This 

evidence suggests that new knowledge combinations based on core knowledge are more 

important than the combination between various knowledge. 
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Table 4-6. Additional analysis: Results of main equation 

Notes: 1. Standard errors are in parentheses. 

2. These standard errors are called heteroscedasticity-consistent standard errors. 

3. ***, **, and * denote statistical significance at the 1%, 5%, and 10% levels, respectively. 

Y (Firm growth) Model (1) Model (2) Model (3) 

Experience_depth (t-1) 
0.015* 
(0.009) 

0.019** 
(0.009) 

0.020** 
(0.009) 

Experience_depth2 (t-1) 
-0.001*** 

(0.000) 
-0.001*** 

(0.000) 
-0.001*** 

(0.000) 

Experimentation_core_ratio (t-1) 
0.071 

(0.055) 
 

0.094* 
(0.057) 

Experience_depth X 

Experimentation_core_ratio (t-1) 

-0.622*** 
(0.236) 

 
-0.631*** 

(0.239) 

Experience_depth2 X  

Experimentation_core_ratio (t-1) 

0.444*** 
(0.153) 

 
0.440*** 
(0.153) 

Experimentation_ncore_ratio (t-1)  
0.049*** 
(0.018) 

0.051** 
(0.018) 

Experience_depth X  

Experimentation_ncore_ratio (t-1) 
 

-0.384 
(0.249) 

-0.379 
(0.249) 

Experience_depth2 X  

Experimentation_ncore_ratio (t-1) 
 

0.212 
(0.156) 

0.208 
(0.155) 

Num_patent (t-1) 
-0.007** 
(0.003) 

-0.007** 
(0.003) 

-0.007** 
(0.003) 

Experience_new (t-1) 
0.002 

(0.035) 
-0.033 
(0.037) 

-0.033 
(0.037) 

Debt_ratio 
-0.084*** 

(0.027) 
-0.083*** 

(0.027) 
-0.083*** 

(0.027) 

Profit_ratio 
0.979*** 
(0.127) 

0.981*** 
(0.126) 

0.981*** 
(0.126) 

Size 
0.455*** 
(0.045) 

0.454*** 
(0.044) 

0.455*** 
(0.044) 

Age 
0.008 

(0.005) 
0.008 

(0.005) 
0.008 

(0.005) 

IMR 
-0.030 
(0.115) 

-0.037 
(0.114) 

-0.038 
(0.114) 

Year dummies Yes Yes Yes 

Constant 
-8.942*** 

(0.862) 
-8.917*** 

(0.860) 
-8.937*** 

(0.860) 

R-squared 0.042 0.042 0.043 

Number of firms 1,151 1,151 1,151 

Observations 7,015 7,015 7,015 



152 

 

 

(a) Experimentation with core knowledge 

 

(b) Experimentation without core knowledge 

Figure 4-10. Knowledge accumulation strategies and fitted values of firm growth by 

experimentation type (Model 3) 
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As shown by the stylized facts on Korean manufacturing firms, experimentation 

continues to decline. Further, only 12% of all experimentations involve core knowledge 

(Figure 4-11) and this proportion continues to increase, as shown in Figure 4-11. In the 

future, it is thus necessary to induce various experimentations based on core knowledge. 

 

 

Figure 4-11. Annual trend of experimentation ratio with core knowledge 

 

Finally, this chapter identifies what knowledge domains are combined with core 

knowledge. Experimentations without core knowledge are considered the control group. 

IPC codes are divided into levels as shown in Table 4-7. Most experimentations occur by 

combination across knowledge boundaries. In other words, new combinations between 

knowledge types are based on broad combinations 28 (Strumsky and Lobo, 2015). For 

                                            
28 Strumsky and Lobo (2015) defined the combinations of the same class as deep combinations and broad 

combinations between different classes. 
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experimentations with core knowledge, most combined knowledge differs from the core 

knowledge to the level of the section, which suggests that searching and learning are 

required in knowledge domains beyond the existing one. 

 

Table 4-7. Types of knowledge combined in experimentations 

 

4.7 Sub-conclusion 

The literature on the knowledge accumulation of firms mainly emphasized its 

quantitative aspects and assumed that the same amount of effort (e.g., amount of R&D 

investment, number of patents) results in the same level of knowledge accumulation. 

However, this perspective is too simplified for the process of knowledge accumulation in 

organizations. This chapter considers the qualitative aspects of experience and 

experimentation in understanding the knowledge accumulation. Each firm is found to be 

heterogeneous in its knowledge accumulation strategies, which result in differences in firm 

Level 
Examples of 

combinations 

Among experimentations 

with 

core knowledge 

(%) 

without 

core knowledge 

(%) 

Others A24D and H05B 66.08 41.45 

Section A24D and A61M 22.49 19.29 

Class A24D and A24F 11.43 12.65 

Subclass A24D and A24D 0.00 26.62 

Total 100.00 100.00 
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growth. According to the analysis results, persistent experience in a specific area (depth of 

experience) is important for knowledge accumulation. However, the learning strategy 

should change according to their depth of experience. Repetitive learning (i.e. no 

experimentation) is needed when the depth of experience is low. However, novel ways of 

learning (i.e. experimentation) are needed when the depth of experience is high. The recent 

decline in the competitiveness of Korean firms is due to low experience and 

experimentation. 

The findings suggest that, even with the same quantitative efforts, the degree of 

knowledge accumulation differs depending on how knowledge is structured and what 

learning strategies are used. Lee (2010) argued that firm growth is determined by firms’ 

technological competence enhancing capability. Therefore, this chapter suggests that the 

capability of experience and experimentation to the knowledge accumulation in a specific 

domain is technological competence enhancing capability. 

Based on the above results, some implications can be suggested as follows. Frequent 

changes in firm innovation strategies are not effective strategies and do not guarantee firm 

growth. However, innovation strategies required for accumulating persistent experience in 

a specific domain from a long-term perspective. It is thus important to identify the strengths 

and weaknesses of firm capability and make continuous efforts to reinforce its strengths. 

Additionally, the innovation policy should encourage firms to accumulate persistent 

experience based on their core knowledge. 

The findings describe the overall Korean industrial ecosystem, in which listed firms hold, 

a large proportion of innovation activities in Korea. However, future studies will need to 

expand and analyze data on firms subject to external audit and micro firms as well. 
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 Dynamic relationship between 

knowledge and product: Innovation strategy 

for firm growth 

 

5.1 Introduction 

Knowledge and product are crucial sources of firm competitiveness. It is essential to 

investigate strategic choices behind a firm’s knowledge and product when understanding 

how the firm’s capability has evolved and accumulated. One of the research mainstream 

examines the determinants for knowledge or product innovations. The other researchers 

seek to comprehend the firm’s unique knowledge or product bases from strategic choices 

and measure their impacts. Most of the previous research, however, limit the discussion to 

particular knowledge or product distinctively. 

Knowledge and products are mutually related and effect on each other rather than 

standing apart independently (Piscitello, 2004; Fai, 2004; Dosi et al., 2017). In other words, 

knowledge induces new products and products lead to knowledge creation vice versa. 

Therefore, to understand the process of firm capability accumulation, it is vital to link 

knowledge and product spaces and then to illuminate the dynamic relationship between 

them. However, previous studies focused mainly on analyzing the level of diversification 

at a specific time (Dosi et al., 2017; Patel and Pavitt, 1997). Moreover, they described the 

phenomenon but did not examine innovation strategies for firm growth. 



157 

 

This chapter examines dynamic relationship between firm’s knowledge and product and 

draw innovation strategies for firm growth. A two-level analysis was adopted in this 

research. The first part defines knowledge and product and seeks to elaborate on the 

dynamic relationship between them. The dynamic random effect probit model explains how 

strategic choices made in the period t – 1 impact on that of period t. Long-term knowledge-

product dynamic relationship results in building the firm's unique knowledge and product 

bases (Pontikes and Barnett, 2017). In other words, some firms specialize their knowledge 

(product) base in a specific field while others diversify their areas. The second part 

identifies which knowledge and product strategies are effective for firm growth. 

According the results, core knowledge in a firm has roles on not only improving products 

in existing segments but also developing and releasing new products in new segments. 

Moreover, firms with diverse product segments based on core knowledge show higher 

growth than others. The results reinforce that of Dosi et al. (2017) which claims firms know 

less than they do. This chapter contributes to understanding the process of firm capability 

accumulation and evolution through the dynamic relationship between knowledge and 

product spaces. 

The rest of the chapter is constructed as follows. Section 5.2 review the literature and 

presents theoretical framework on knowledge and product spaces. In Section 5.3, data used 

for the analysis and its descriptive statistics are demonstrated. Section 5.4 and 5.5 explain 

the results and 5.6 concludes this chapter. 
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5.2 Literature review and theoretical framework 

 Knowledge space 

Knowledge is the most valuable and strategic resource and the source of firm 

competitiveness (Kogut and Zander, 1992; Zack, 1999). Therefore, it is significant to learn 

how knowledge is created and accumulated to understand the evolution of organizational 

capabilities. 

Each firm makes strategic choices regarding knowledge creation every year (𝐾𝑆𝑖,𝑡) . 

Generally, it first decides whether to generate new knowledge or not and if it does, whether 

to work within existing knowledge, explore new fields, or both sides. Figure 5-1 

demonstrates the knowledge space based on these strategic choices. 

 

 

Figure 5-1. Strategic choices in the knowledge space 

 

The strategic choices firm made in the past influence on those of the present. Therefore, 

one must understand strategic choices in dynamic perspectives (𝐾𝑆𝑖,𝑡−1 → 𝐾𝑆𝑖,𝑡). Many 

studies have addressed that a firm that created knowledge in period t – 1 is most likely to 

do the same in period t (Geroski et al., 1997; Cefis and Orsenigo, 2001; Cefis, 2003). It 
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means that the innovation decisions exhibit persistency. Furthermore, the choice of 

knowledge fields heterogeneous. Exploitation and exploration from March (1991) explain 

this dynamic choice process in knowledge space. Exploitation aims an incremental 

improvement of knowledge that firm already possesses. The path dependency in learning 

process leads firms to maintain their interest in the same fields, and this consistency 

generates an increasing return for the firm based on learning effects. This advantage, 

nonetheless, may restrict the firm's adaptability to rapid change in environment. Firms also 

have to explore in other fields as a radical strategy. They need to balance with exploitation 

and exploration (Tushman and O’Reily, 1996). According to Katila and Ahuja (2002), 

pursuing exploitation and exploration at the same time increases the chance of developing 

a new product. On the other hands, some claimed that the pursuit of two different strategies 

gives a negative influence on organizations (Bierly and Daly, 2007). 

As a result of long-term continuous strategic choices, firms form their unique knowledge 

base. Specifically, they achieve focus on particular knowledge fields or diversification in 

various knowledge fields. The empirical evidence supporting efficient knowledge base for 

sustainable growth remains still ambiguous. The level of knowledge diversification impact 

on firm performance either negatively (Chen et al., 2013) or positively (Garcia-Vega, 2006; 

Quintana-García and Benavides-Velasco, 2008). Recent studies assert the importance of 

coherence among knowledge fields as well as their variety (Miller, 2006). However, they 

examine how knowledge fields affect firm growth solely and lack discussion on how they 

interact with product segments and their effect on the growth. 
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 Product space 

Product innovation is linked directly to firm survival and growth and especially is so in 

the ecosystem where product lifecycle is short, and consumer demands vary. Thus, the core 

factors that determine firm competiveness is its capability to accommodate market demand 

and produce distinctive products. 

Similar to knowledge space, firms make strategic choices regarding product innovation 

every year. They first adjudge whether to innovate or not. When innovating, they encounter 

another decision making to pick where to innovate in the segments of existing products, an 

entirely new one, or both. Figure 5-2 illustrates the product space based on such strategic 

choices. 

 

 

Figure 5-2. Strategic choices in the product space 

 

The dynamic choices and its process within product space need to be understood 

(𝑃𝑆𝑖,𝑡−1 → 𝑃𝑆𝑖,𝑡). Product innovation also exhibits state dependency. Antonelli et al. (2012) 

concluded that firm who innovated their products in period t – 1 were most likely to product 

innovation in the t. In the aspect of the product portfolio, most firms keep on innovating 

within the same segment to take advantage of an increasing return arising from their 
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accumulated experience and shared knowledge on the production. Some firms release new 

products in new segments. It is a type of strategy to obtain economies of scope effects by 

replacing the previous segment that has reached its limit or complementing it. 

Firms construct their specific focused or diversified product base based on their strategic 

choices. The relationship between product diversification and firm performance can be 

positive (Jose et al., 1986; Villalonga, 2004), negative (Berger and Ofek, 1995; Braakmann 

and Wagner, 2011), or appear to have an inverted U shape (Palich et al., 2000; Alesón and 

Escuer, 2002). However, the earlier researches did not link the knowledge base to firm 

growth. 

 

 Dynamic relationship between knowledge and product spaces 

Though knowledge and product spaces are independent, mutual interactions exist 

between them (Helfat and Raubitschek, 2000; Piscitello, 2004; Fai, 2004; Dosi et al., 2017; 

Pontikes and Barnett, 2017). A strategic choice made in a space effect on other decisions 

of another space. 

More specifically, strategic choices from the past knowledge space influence on the 

current decision makings in the product space ( 𝐾𝑆𝑖,𝑡−1 → 𝑃𝑆𝑖,𝑡 ). The capability for 

knowledge creation determines that of product innovation (Katila and Ahuja, 2002). As 

product lifecycle shortens, firms face more pressure to generate new knowledge and 

develop new products consecutively. Pontikes and Barnett (2017) explains strategic choices 

in the knowledge space trigger or restrict decision makings in the product space. On the 

other hands, past decisions within a product space impact on current decision makings in 
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the knowledge space (𝑃𝑆𝑖,𝑡−1 → 𝐾𝑆𝑖,𝑡 ). Based on products, consumers evaluate firms' 

competency and organization can learn newly emerging demands of the market from their 

such feedbacks. They can learn from the production process to make improvements. 

Consequently, they encourage themselves to create new knowledge in aims of developing 

competent products. This dynamic relationship between knowledge and product choices 

and their co-evolution is described in Figure 5-3. 

Once the dynamic relationship between knowledge and product spaces are clear, one can 

understand how knowledge and product bases are accumulated and evolved. Despite 

theoretical discussions on the relationship between strategic choices of knowledge and 

product, empirical approaches to the topic are still insufficient (Fai, 2004; Karmmer, 2016). 

Firms construct a long-term knowledge and product bases on the dynamic relationships 

between the two (Pontikes and Barnett, 2017). It is to say that some firms specialize their 

knowledge (or product) base in a distinct area while others diversify their specialties. 

Researches on the knowledge and product diversification patterns are divided into two 

opposing claims. One asserts that firms do less than they know. Patel and Pavitt (1998) 

reviewed technology and product diversifications of large firms and explained that firms 

tend to maintain their product line consistently based on a wide range of technology 

portfolio. Pavitt et al. (1989), Gambardella and Torrisi (1998), Brousoni et al. (2001) 

reached the same conclusion and explained that it is because the more advanced and 

sophisticated products require more various technologies. Dosi et al. (2017) came up with 

a different conclusion. They analyzed Italian firms and found that most firms are focused 

on a more precise field in terms of knowledge rather than of products; firms know less than 

they do. Firms applied their core knowledge on diverse product areas. The literature took 
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static perspective and analyzed the patterns of each base but did not identify how those 

bases formed. They also lack a discussion what based is effective for firm growth. 

 

 

Figure 5-3. Dynamic relationship between knowledge and product spaces 

 

5.3 Data and descriptive statistics 

This chapter is based on the same data from Chapter 4. However, the original dataset 

does not include firm-specific product information, and thus, additional data on product 

segments of each firm was collected via Thomson Reuters Worldscope database. 

Worldscope offers 10 product segment information per an organization, and in case of more 
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than 10, the rest is included in the 10th segment.29 These are the limitations of the dataset 

such as information on the product segment does not mean of one particular product, and 

there are missing values. However, it has been popular among scholars in the field of 

product diversification because it enables them to grasp the firm's product innovation 

(Varadarajan, 1986; Laabs and Schiereck, 2010; Mayer et al., 2015; Sun and Govind, 2017). 

This chapter utilizes the Standard Industrial Classification (SIC code; 4-digits) and sales to 

get firm-specific product segment information. Since each product segment is classified 

based on SIC code, it can observe the firm products on the same levels. After matching 

firm data that have product segment information to the dataset of chapter 4., a unique panel 

data of 595 Korean firms (from 2,839 observations) are constructed. Firm knowledge was 

measured based on the IPC codes (4-digits) of patents they created. To compare product 

space to knowledge space, it is necessary to categorize types of technologies that get along 

with industry categories (Dosi et al., 2017). This chapter adopted correspondence between 

IPC code (4-digits) and NAICS (6-digits) from Lybbert and Zolas (2014) and categorized 

them again accordingly.30, 31 

Strategic choices of each space are defined as follows. Knowledge innovation refers to 

when firm i apply for at least one patent in period t (KS_Innovation). Knowledge 

innovation contains three types. There are i) innovation in existing fields which that had 

appeared in the past three years [t – 3, t – 1] (KS_Existing), ii) innovation in new fields 

                                            
29 Among 595 firms in the panel data, 15 companies have more than 10 product segments and there are 3.5 

product segments per firm in average. 
30 Lybber and Zolas (2014) used NAICS2007. Therefore, this chapter transformed NAICS2007 to SIC code. 
31 For example, A21D and A01F belong to different knowledge categories according to IPC Code’s 4-digit. 

However, they are in the same category in SIC Code (0111), and thus are categorized in the same knowledge 

fields in this chapter. 
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(KS_New) which that had not appeared in the past three years [t – 3, t – 1] and iii) 

innovation in both familiar and new fields (KS_Both). Similarly, product innovation is 

when firm i releases at least one new product in period t (PS_Innovation). Product 

innovation is also divided into three types. There are i) product release in existing segments 

which that had appeared in the past three years [t – 3, t – 1], ii) in new segments which that 

had not appeared in the past three years [t – 3, t – 1] (PS_New), and iii) release in both 

familiar and new sectors (PS_Both).  

Table 5-1 illustrates strategic choices of knowledge space in the year t. More than 50% 

of observations did not innovate their knowledge (KS-Non). Table 5-2 is about strategic 

choices of knowledge space in the period t – 1 and t. It shows firms who do not innovate 

their knowledge tend to remain the same in the next year. Firms who did innovate in 

familiar knowledge field the t – 1 demonstrate higher tendency to innovate not only in the 

familiar area but also in a new one in period t as well. In general, Korea companies tend to 

explore new knowledge areas. 

 

Table 5-1. Knowledge space: Strategic choice of t 

New fields (t) 

Existing fields (t) 
N Y Total 

N 53.86 9.40 63.26 

Y 8.77 27.97 36.74 

Total 62.63 37.37 100.00 
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Table 5-2. Knowledge space: Dynamic strategic choice of t–1 and t 

       t 

   t - 1 
KS_Non KS_Existing KS_New KS_Both Total 

KS_Non 82.01 2.75 11.84 3.40 100.00 

KS_Existing 22.89 22.89 7.63 44.59 100.00 

KS_New 44.57 13.86 18.73 22.85 100.00 

KS_Both 7.18 16.75 3.40 72.67 100.00 

Total 52.38 9.48 9.76 28.39 100.00 

 

Table 5-3 contains the results of strategic choices of product space in t. 72.53 % of firms 

did not innovate their products (PS_Non). When innovating products, it seems entering a 

new segment is more common than expanding segment firms are already enrolled. Table 

5-4 is about strategic choices of product space in t and t – 1. In addition, the chances for 

firms who did not innovate in the previous year not to innovate in the next year was high. 

Even in the case of firms that innovated in t – 1, many of them did not make the same 

decision in the consecutive year. The result implies that product innovation is not persistent. 

 

Table 5-3. Product space: Strategic choice of t 

  New segments (t) 

Existing segments (t) 
N Y Total 

N 72.53 17.15 89.68 

Y 6.73 3.59 10.32 

Total 79.25 20.75 100.00 
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Table 5-4. Product space: Dynamic strategic choice of t–1 and t 

      t 

  t - 1 
PS_Non PS_Existing PS_New PS_Both Total 

PS_Non 70.57 6.65 19.18 3.59 100.00 

PS _Existing 64.92 13.09 18.85 3.14 100.00 

PS _New 71.87 8.83 16.06 3.29 100.00 

PS _Both 71.57 13.73 12.75 1.96 100.00 

Total 70.45 7.71 18.39 3.45 100.00 

 

5.4 Dynamic relationship between knowledge and product spaces 

This section examines the dynamic relationship between strategic choices in knowledge 

and product spaces. More specifically, it examines the effects of strategic choices in past 

and present product (knowledge) space on strategic choices in present knowledge (product) 

space. By identifying these strategic choice processes, it can understand how a firm’s 

knowledge and product bases are built and evolved. 

 

 Methodology 

A simple model for the dynamic relationship of knowledge and product space is as 

follows. 

 

𝐾𝑆𝑖,𝑡 = 𝛼1𝑃𝑆𝑖,𝑡 + 𝛼2𝐾𝑆𝑖,𝑡−1 + 𝛼3𝑃𝑆𝑖,𝑡−1 + 𝛼4𝑋𝑖,𝑡 + 𝑐𝑖 + 𝜇𝑖,𝑡 

𝑃𝑆𝑖,𝑡 = 𝛽1𝐾𝑆𝑖,𝑡−1 + 𝛽2𝑃𝑆𝑖,𝑡−1 + 𝛽3𝑋𝑖,𝑡 + ℎ𝑖 + 휀𝑖,𝑡             (5.1) 
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where i is the firm, t is the year, and μ and ε are the error terms of each equation. KS 

and PS indicate strategic choices in the knowledge and product spaces, respectively. X is 

the vector of control variables that affects strategic choices:  the dummy of R&D activities 

(Dum_R&D), firm age (Age), and firm size (Size). Eq. (5.1) is a dynamic panel model in 

which the lagged variables of the dependent variables are included in the model and each 

equation is systematically linked. Estimating each equation using probit model does not 

yield consistent estimators. There are several reasons. First, the firm’s strategic choices in 

the first year of observation cannot be known, such as which conditions were determined 

(before the observation). That is, the initial conditions for each firms are unknown. 

Wooldridge (2005) proposed a method considering a value at t=0 and an average of 

independent variables to the model in order to control firm-specific initial conditions. 

Second, there is a correlation between unobserved individual factors in each equation. In 

other words, unobserved common factors can simultaneously influence strategic choices 

of knowledge and product. Eq. (5.1) should be estimated under jointly normal distribution 

that allows correlation between unobserved factors in each equation. In this chapter, Eq. 

(5.1) is estimated using aML (applied Maximum-Likelihood) 32 , which allows the 

simultaneous consideration of these problem (Ayllón, 2014; Ayllón and Gábos, 2017). 

As defined in the previous section, each space allows for four strategic choices. Eq. (5.1) 

should be estimated using a multinomial model considering all strategic choices, but using 

this method makes it difficult to obtain convergence and the discussion is complex. For this 

                                            
32   i)  𝑐𝑖 = 𝑠0 + 𝑠1𝐾𝑆𝑖0 + 𝑠2𝑃𝑆𝑖0 + 𝑠3𝑋�̅� + 𝑘1𝑖  

   ℎ𝑖 = 𝑟0 + 𝑟1𝐾𝑆𝑖0 + 𝑟2𝑃𝑆𝑖0 + 𝑟3𝑋�̅� + 𝑘2𝑖  

𝑖𝑖) 𝜌𝑘1,𝑘2 = 𝑐𝑜𝑟𝑟(𝑘1𝑖 , 𝑘2𝑖) 
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reason, this chapter first examines the dynamic relationship process by simplifying the 

strategic choice of each space as an innovation decision (Inno vs Non-inno). Specifically, 

it uses bivariate dynamic random effect probit model to estimate the probability that the 

knowledge or product innovation at t - 1 affects knowledge (product) innovation at t. 

Through this process, it can understand the dynamic relationship between innovation 

decisions in each space, and then examine the strategic choices that affect a particular 

strategic choice. For example, if knowledge innovation at t - 1 affects product innovation 

of t, then examine which strategic choices of knowledge space (KS_Existing, KS_New, 

KS_Both) affect product innovation (PS_Existing or PS_New). 

 

 Results 

Table 5-5 shows the factors influencing the decision of each innovation in the knowledge 

and product space. A graphical description of the results is shown in Figure 5-4. New 

knowledge increases the probability of product innovation in the next period. Knowledge 

is utilized in making product improvements or new products. However, product innovation 

has no significant impact on knowledge innovation. Examining dynamic strategic choices 

within each space, as in previous studies, knowledge innovation is observed for persistence 

(Geroski et al., 1997; Cefis and Orsenigo, 2001; Cefis, 2003). In other words, a firm that 

innovates knowledge is more likely to innovate knowledge in the next period. There is no 

persistence in product innovation. Ganter and Hecker (2013) analyzed product innovation 

by dividing into new-to-the-market and new-to-the-firm, and found persistence only in 

new-to-the-market innovations. While a few leading firms continue to release new products, 
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most firms do not continue to innovate. Most Korean firms make new-to-the-firm 

innovation,33 so product innovation happens intermittently. 

The control variables have different effects on knowledge and product innovation. 

Firms that perform R&D activities tend to have higher probability on knowledge 

innovation, but they have no significant impact on product innovation. Age decreases the 

probability of innovating knowledge, but the opposite relationship exists for product 

innovation. Older firms tend to innovate products based on accumulated knowledge and 

experience rather creating new knowledge. Lastly, the larger the firm is, the more likely it 

is to innovate in knowledge but not products. 

 

 

Figure 5-4. Dynamic relationship between innovation decisions of knowledge and product 

                                            
33 In fact, according to Korean Innovation Survey 2016 (KIS), 77% of manufacturing firms that released new 

products made the new-to-the-firm innovation (new-to-the-market innovation: 23%). 
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Table 5-5. Results of dynamic relationship between innovation decisions 

 Model (1) Model (2) Model (3) 

KS equation: KS_Innovation (t) 

PS_Innovation (t) 
-0.041 
(0.077) 

-0.046 
(0.076) 

-0.039 
(0.077) 

KS_Innovation (t-1) 
1.641*** 
(0.053) 

1.645*** 
(0.053) 

1.613*** 
(0.054) 

PS_Innovation (t-1) 
0.052 

(0.072) 
0.053 

(0.072) 
0.059 

(0.073) 

Dum_R&D (t-1)  
0.192*** 
(0.063) 

0.167*** 
(0.064) 

Age (t)   
-0.004** 
(0.002) 

Size (t)   
0.089*** 
(0.017) 

Cons 
-0.833*** 

(0.053) 
-0.954*** 

(0.065) 
-2.094*** 

(0.332) 

PS equation: PS_Innovation (t) 

KS_Innovation (t-1) 
0.180*** 
(0.065) 

0.179*** 
(0.064) 

0.189*** 
(0.065) 

PS_Innovation (t-1) 
-0.023 
(0.061) 

-0.023 
(0.060) 

-0.036 
(0.061) 

Dum_R&D (t-1)  
-0.077 
(0.053) 

-0.060 
(0.054) 

Age (t)   
0.004** 
(0.002) 

Size (t)   
-0.008 
(0.015) 

Cons 
-0.622*** 

(0.043) 
-0.573*** 

(0.054) 
-0.549** 
(0.269) 

 
   

σk1 
0.460*** 
(0.069) 

0.436*** 
(0.069) 

0.439*** 
(0.070) 

σk2 
0.135 

(0.102) 
0.110 

(0.581) 
0.125 

(0.103) 

ρk1,k2  
0.000 

(0.452) 
0.239 

(0.581) 
0.098 

(0.463) 

Log-likelihood -3040.862 -3035.686 -3025.155 

Firms 595 595 595 

Obs 2,839 2,839 2,839 

Notes: 1. Standard errors are in parentheses. 

2. ***, **, and * denote statistical significance at the 1%, 5%, and 10% levels, respectively. 
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Based on the results above, this chapter examines which strategic choices in the 

knowledge space induce strategic choices in the product space. Table 5-6 shows the results 

of analysis that identifies factors that affect product innovation within existing product 

segments (PS_Existing (t)). New knowledge leads to improvements in existing products. 

More specifically, innovation in the new knowledge fields (KS_New (t-1)) plays an 

important role in innovation within existing product segments. Due to the complexity of 

the technology in the product, product improvement constantly requires new knowledge. 

Another important point is that the probability of releasing new products increases as the 

firm pursues both the existing and new knowledge fields (KS_Both (t-1)). This suggests 

that existing cumulative knowledge fields in the firm plays a central role in product 

innovation. Table 5-7 shows the factors affecting product diversification into new product 

segments (PS_New (t)). In the case of product innovation in new segments, it is achieved 

by complementing existing knowledge with new knowledge (KS_Both (t-1)) rather than 

new knowledge itself. According to Fai (2004), product diversification is made based on 

the knowledge accumulated in a particular field, and core knowledge is used for various 

product lines. Similarly, Helfat and Raubitschek (2000) found that product sequencing of 

major Japanese firms takes place based on core knowledge. Sony’s core knowledge exists 

in electronics and miniaturization, which are based on a wide range of products such as 

radio, TV and VCR. Canon's core knowledge of precision optics and mechanics was 

continuously used to develop camera, print, and semiconductor manufacturing equipment. 

Fujifilm has released new products in cosmetics and pharmaceuticals, as a result of its focus 

on exploring sectors where it can utilize accumulated film manufacturing techniques 

(chemical components and molecular engineering). As a result, the business sector has 
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Table 5-6. Results of determinants of product innovation in existing segments 

PS_Existing (t) Model (1) Model (2) Model (3) 

KS (t) 

KS_Exisitng (t) 
0.114 

(0.130) 
-0.009 
(0.149) 

0.001 
(0.150) 

KS_New (t) 
0.068 

(0.123) 
0.029 

(0.133) 
0.037 

(0.132) 

KS_Both (t) 
0.049 

(0.090) 
-0.141 
(0.136) 

-0.127 
(0.139) 

KS (t-1) 

KS_Exisitng (t-1)  
-0.174 
(0.171) 

-0.160 
(0.171) 

KS_New (t-1)  
0.238** 
(0.121) 

0.247** 
(0.120) 

KS_Both (t-1)  
0.277** 
(0.124) 

0.286** 
(0.124) 

PS (t-1) 

PS_Exisitng (t-1)  
0.254 

(0.162) 
0.259 

(0.168) 

PS_New (t-1)  
0.149 

(0.098) 
0.139 

(0.098) 

PS_Both (t-1)  
0.409*** 
(0.157) 

0.391*** 
(0.159) 

Control 

Dum_R&D (t-1)   
-0.080 
(0.081) 

Age (t)   
0.002 

(0.003) 

Size (t)   
-0.009 
(0.020) 

Cons 
-1.537*** 

(0.065) 
-1.607*** 

(0.073) 
-1.467*** 

(0.374) 
  

   

σk1 
0.320*** 
(0.075) 

0.269** 
(0.111) 

0.248** 
(0.122) 

Log-likelihood -767.138 -756.143 -754.795 

Firms 595 595 595 

Obs 2,839 2,839 2,839 

Notes: 1. Standard errors are in parentheses. 

2. ***, **, and * denote statistical significance at the 1%, 5%, and 10% levels, respectively. 



174 

 

Table 5-7. Results of determinants of product innovation in new segments 

PS_New (t) Model (1) Model (2) Model (3) 

KS (t) 

KS_Exisitng (t) 
0.011 

(0.102) 
-0.076 
(0.125) 

-0.078 
(0.125) 

KS_New (t) 
-0.083 
(0.101) 

-0.108 
(0.102) 

-0.102 
(0.103) 

KS_Both (t) 
0.080 

(0.061) 
-0.044 
(0.100) 

-0.027 
(0.101) 

KS (t-1) 

KS_Exisitng (t-1)  
-0.098 
(0.124) 

-0.098 
(0.125) 

KS_New (t-1)  
0.125 

(0.105) 
0.133 

(0.106) 

KS_Both (t-1)  
0.218** 
(0.101) 

0.237** 
(0.103) 

PS (t-1) 

PS_Exisitng (t-1)  
-0.019 
(0.114) 

-0.020 
(0.115) 

PS_New (t-1)  
-0.188** 
(0.088) 

-0.189** 
(0.088) 

PS_Both (t-1)  
-0.298* 
(0.160) 

-0.298* 
(0.160) 

Control 

Dum_R&D (t-1)   
-0.009 
(0.060) 

Age (t)   
0.002 

(0.002) 

Size (t)   
-0.029* 
(0.017) 

Cons 
-0.923*** 

(0.041) 
-0.913*** 

(0.047) 
-0.425 
(0.312) 

  
   

σk1 
0.121 

(0.102) 
0.200*** 
(0.079) 

0.191*** 
(0.082) 

Log-likelihood -1353.121 -1344.598 -1344.493 

Firms 595 595 595 

Obs 2,839 2,839 2,839 

Notes: 1. Standard errors are in parentheses. 

2. ***, **, and * denote statistical significance at the 1%, 5%, and 10% levels, respectively. 
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diversified and has recently achieved its best performance. Finally, Dosi et al. (2017) found 

that the products of Italian exporters are based on common knowledge. 

In sum, firms with competitive advantages have accumulated core knowledge and 

combine it with new knowledge to form the basis for a variety of products. This implies 

that persistent search efforts in a specific knowledge domain is required rather than a 

traditional view in which new knowledge induces new products. 

 

5.5 Innovation strategy for firm growth 

The dynamic relationship in the knowledge and product spaces allows us to understand 

innovation behaviors of firms but does not explain which strategies are effective. 

Additional analysis is needed to determine which strategies are effective for growth. 

Through strategic choices in the knowledge and product spaces, the firm builds its own 

knowledge and product bases. In other words, as a result of dynamic strategic choices, the 

accumulated knowledge or product bases of a firm becomes specialized or diversified. The 

difference of the accumulated base between firms leads to heterogeneity in firm growth 

(Kim et al., 2016). This section aims to identify what kinds of knowledge and product bases 

lead to firm growth, and to find innovation strategies for sustainable growth. 

 

 Methodology 

The empirical model can be simplified as shown in Eq. (5.2). 
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𝑌𝑖,𝑡 = 𝛾0 + 𝛾1𝐾𝑛𝑜𝑤_𝐷𝐼𝑉𝑖,𝑡 + 𝛾2𝑃𝑟𝑜𝑑_𝐷𝐼𝑉𝑖,𝑡 + 𝛾3𝐾𝑛𝑜𝑤_𝐷𝐼𝑉 𝑋 𝑃𝑟𝑜𝑑_𝐷𝐼𝑉𝑖,𝑡 

  + 𝛾4𝑋𝑖,𝑡 + 𝜎𝑖 + 𝜇𝑡 + 휀𝑖,𝑡                  (5.2) 

 

where i and t denote firm and year, respectively. The dependent variable, growth rate (Y), 

follows the definition in Chapter 4. That is, the firm growth rate is defined as the difference 

between the log value of sales in period t and the log value of average sales in the previous 

three years [t – 3, t – 1]. The growth rate is normalized by eliminating the average growth 

rates of each industry (Bottazzi et al., 2011; Capasso et al., 2013). 

  In this chapter, the entropy index is used to measure the degree of diversification. This 

measurement is widely used in previous studies related to knowledge or product 

diversification (Varadarajan, 1986; Robins and Wiersema, 2003; Miller et al., 2007; Kim 

et al., 2016). Knowledge diversification can be measured as follows.34 

 

𝐾𝑛𝑜𝑤_𝐷𝐼𝑉𝑖,𝑡 = ∑ 𝐾𝑆𝑖,𝑘,[𝑡−3,𝑡] 𝑙𝑛

446

𝑘=1

(
1

𝐾𝑆𝑖,𝑘,[𝑡−3,𝑡]
) 

 

where 𝐾𝑆𝑖𝑡𝑘 stands for the ratio of k knowledge field to total knowledge generated by 

firm i in the [t – 3, t] periods. A higher value of Know_DIV means that it has relatively 

diversified knowledge within a firm. Similarly, product diversification can be measured as 

follows. 

𝑃𝑟𝑜𝑑_𝐷𝐼𝑉𝑖,𝑡 = ∑ 𝑃𝑆𝑖,𝑗,[𝑡−3,𝑡] ln

549

𝑗=1

(
1

𝑃𝑆𝑖,𝑗,[𝑡−3,𝑡]
) 

                                            
34 The samples have a total of 446 knowledge fields (4-digit IPC). Similarly, they have a total of 549 product 

segments (4-digit SIC). For a firm that does not have a specific field or segment, the KS or PS is zero. 

(5.3) 

(5.4) 
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where 𝑃𝑆𝑖𝑡𝑗 is the ratio of sales of j segment to total sales of firm i in [t – 3, t]periods. The 

control variables defined in Chapter 4 are included in order to control the effects on firm 

growth. That is, the number of patent applications, debt ratio, profit ratio, firm size and age 

are considered.35 

  As a result of the Hausman test, the fixed effect model is suitable for the analysis. Similar 

results have been confirmed with the random effect model. In addition, a value of 0 for 

Prod_DIV or Know_DIV means a firm did not innovate for four years. Additional analysis 

is conducted with zero or without zero (only innovators), respectively, and consistent 

results have been found. 

 

 Results 

Figure 5-5 shows the distribution of knowledge and product diversification, respectively. 

The knowledge and product bases are heterogeneous as a results of various strategic 

choices among firms. The difference between firms is relatively wider in the knowledge 

base than in the product base. Figure 5-6 shows a scatter plot with knowledge 

diversification as x-axis and product diversification as y-axis. There is a weak positive 

correlation (0.210) between the two spaces. Even with the same degree of knowledge 

diversification, the degree of diversification of product varies. A multivariate analysis can 

be used to identify what knowledge and product based firms are growing sustainably. 

 

                                            
35 Variable definitions can be found in Table 4-1. 
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Figure 5-5. Distribution of knowledge (left) and product (right) diversifications 

 

 

Figure 5-6. Heterogeneity of firm’s innovation strategies 

   

Table 5-8 shows the results of analyzing the relationship between a firm’s knowledge 

and product diversification and growth.36 Models (1) and (2) are the results of the fixed-

effect model excluding zero values of diversification variables. Model (3) shows the results 

of the fixed effect model considering the zero value of diversification variables. Model (4) 

                                            
36 Descriptive statistics and correlations of variables are shown in Appendix 5. 
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is the results of the random effect model. Consistent results are confirmed from all models. 

The results are as follows. First, product diversification has positive effects on firm 

growth. As the product life cycle is short and demands are diversified, firms find growth 

opportunities by discovering new products and complementing them (Zahavi and Lavie, 

2013). Second, knowledge diversification moderates the impact of product diversification 

on firm growth. That is, firms with diverse knowledge fields have less impact on firm 

growth from product diversification. In the case of Model (1), which does not consider 

moderating the role of knowledge, the larger the value of Know_DIV, the lower growth is, 

but it is not statistically significant. The results imply that firms have competitive 

advantages when they are applied to various product segments based on specialized 

knowledge rather than specialized knowledge itself. Figure 5-7 shows the fitted growth 

rates based on results of Model (2). ‘Less knowledge diversification’, ‘Intermediate 

knowledge diversification’ and ‘More knowledge diversification’ consider the first quartile, 

median and third quartile values of Know_DIV, respectively Know_DIV=0.713, 1.402, 

2.064). Firms with less knowledge but more product diversification show higher growth. 

The more diverse knowledge is, the less the contribution of product diversification on firm 

growth, and in extreme cases its effect is not significant. 

For the control variables, the lower the debt ratio is, the higher profit ratio and the higher 

firm growth are (Coad, 2009). Small firms show higher growth rates than large ones (Hall, 

1987; Audretsch et al., 2004). 
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Table 5-8. Results for the entire sample 

Notes: 1. Standard errors are in parentheses. 

2. ***, **, and * denote statistical significance at the 1%, 5%, and 10% levels, respectively. 

 

 

 

Y (Firm growth) 

Model (1) 

FE 

Model (2) 

FE 

Model (3) 

FE 

Model (4) 

RE 

Without zero Without zero With zero Without zero 

Know_DIV 
-0.031 
(0.024) 

0.026 
(0.038) 

0.022 
(0.022) 

0.028 
(0.026) 

Prod_DIV 
0.093** 
(0.038) 

0.213*** 
(0.072) 

0.105*** 
(0.032) 

0.106** 
(0.052) 

Know_DIV X Prod_DIV  
-0.067** 
(0.034) 

-0.033* 
(0.020) 

-0.051* 
(0.027) 

Num_patent (t-1) 
0.000 

(0.001) 
0.002 

(0.005) 
0.000 

(0.004) 
0.001 

(0.004) 

Debt_ratio 
-0.238*** 

(0.066) 
-0.245*** 

(0.066) 
-0.137*** 

(0.034) 
-0.168*** 

(0.049) 

Profit_ratio 
1.644*** 
(0.143) 

1.630*** 
(0.143) 

1.384*** 
(0.084) 

0.843*** 
(0.083) 

Size (t-1) 
-0.110*** 

(0.028) 
-0.111*** 

(0.027) 
-0.081*** 

(0.018) 
-0.020*** 

(0.008) 

Age 
-0.001 
(0.088) 

-0.001 
(0.009) 

-0.003 
(0.004) 

0.001 
(0.001) 

Year dummies Yes Yes Yes Yes 

Constant 
1.831*** 
(0.542) 

1.780*** 
(0.542) 

1.417*** 
(0.364) 

-0.520*** 
(0.138) 

R-squared 0.020 0.020 0.031 0.096 

Number of firms 399 399 595 399 

Observations 1,529 1,529 2,839 1,529 
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Figure 5-7. Diversifications and fitted values of firm growth (Model 2) 

 

In addition, Table 5-9 shows the results of low (Model 1) and high (Model 2) knowledge 

diversification groups bisected at the median, without zero values. Similar to the results 

above, product diversification has a positive effect on firm growth only in firms with 

knowledge that is relatively less diversified (Model 1). There is no effect of product 

diversification in firms with diverse knowledge. 

In sum, firms with diverse product segments based on core knowledge can grow 

sustainably. It is important that the search and creation of new knowledge fields shown in 

the strategic choices in the previous section be utilized as a strategy to complement and 

reinforce core knowledge. 
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Table 5-9. Results by knowledge diversification 

Y (Firm growth) 
Model (1) Model (2) 

Low Know_DIV High Know_DIV 

Prod_DIV 
0.189*** 
(0.072) 

0.044 
(0.043) 

Num_patent (t-1) 
0.000 

(0.002) 
0.002 

(0.005) 

Debt_ratio 
-0.549*** 

(0.105) 
0.053 

(0.092) 

Profit_ratio 
1.397*** 
(0.226) 

2.054*** 
(0.188) 

Size (t-1) 
-0.196*** 

(0.043) 
-0.106*** 

(0.042) 

Age 
-0.001 
(0.132) 

0.001 
(0.007) 

Year dummies Yes Yes 

Constant 
3.543*** 
(0.900) 

1.466* 
(0.804) 

R-squared 0.010 0.034 

Number of firms 262 231 

Observations 752 777 

  Notes: 1. Standard errors are in parentheses. 

  2. ***, **, and * denote statistical significance at the 1%, 5%, and 10% levels, respectively. 

 

 Robustness 

Two additional analyses are conducted to check the robustness of the results. The first 

analysis identifies the impact of product diversification over knowledge diversification 

(Prod_ratio=Prod_DIV/Know_DIV) on firm growth. Prod_ratio is considered in place of 

Know_DIV and Prod_DIV while maintaining control variables in Eq. (5.2). As the result 

of the analysis, Pro_ratio has a positive effect on firm growth. Figure 5-8 shows the 
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relationship between fitted values of firm growth and Prod_ratio based on the estimated 

results. It can be confirmed that the greater the ratio of product diversification compared to 

knowledge diversification, the higher firm growth. In other words, it is important that 

knowledge is relatively persistent. 

 

 

Figure 5-8. Ratio of product to knowledge and fitted values of firm growth 

 

The second analysis examines the relationship between product diversification and firm 

growth based on whether core knowledge is retained or not. A firm that has at least one 

knowledge field that meets the following two criterial is defined as firm with core 

knowledge: i) Revealed Technology Advantage (RTA)37 is 2.0 or greater and ii) the ratio 

                                            
37 RTA is a measure of the relative advantage of firm knowledge field as follows: 

𝑅𝑇𝐴𝑖,𝑘,𝑡 =
(𝑃𝑖,𝑘,[𝑡−3,𝑡] 𝑃𝑘,[𝑡−3,𝑡]⁄ )

(𝑃𝑖,[𝑡−3,𝑡] 𝑃[𝑡−3,𝑡]⁄ )⁄  

where i and t denote the firm and year, respectively, and k is knowledge field. 
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of the number of patents in the k knowledge field of firm i (𝑃𝑖,𝑘,[𝑡−3,𝑡]) to the total number 

of patents in the k knowledge field (𝑃𝑘,[𝑡−3,𝑡]) is 0.03 or more (Patel and Pavitt, 1997). 

Table 5-10 shows the results of firms that have core knowledge and those that do not, 

respectively. Only in firms with core knowledge (Model 2) does product diversification 

have a significant impact on firm growth. In other words, product diversification based on 

core knowledge is important for competitiveness. 

 

Table 5-10. Results of robustness 

Y (Firm growth) 

Model (1) Model (2) 

Firms with non-core 

knowledge 

Firms with core 

knowledge 

Prod_DIV 
0.089 

(0.088) 
0.081** 
(0.039) 

Num_patent (t-1) 
-0.011*** 

(0.004) 
0.000 

(0.004) 

Debt_ratio 
-0.274** 
(0.124) 

0.040 
(0.079) 

Profit_ratio 
3.094*** 
(0.295) 

1.315*** 
(0.176) 

Size (t-1) 
-0.126*** 

(0.044) 
-0.159*** 

(0.041) 

Age 
0.012 

(0.014) 
-0.001 
(0.007) 

Year dummies Yes Yes 

Constant 
1.572* 
(0.884) 

2.648*** 
(0.777) 

R-squared 0.082 0.084 

Number of firms 264 242 

Observations 693 836 

Notes: 1. Standard errors are in parentheses. 

2. ***, **, and * denote statistical significance at the 1%, 5%, and 10% levels, respectively. 
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5.6 Sub-conclusion 

The chapter identified the dynamic relationship between knowledge and product spaces 

and drew innovation strategy for firm growth. According to Pavitt (1998), product and 

technological knowledge coexist, however, not all firms show the same dynamics. Firm-

specific strategic decisions build up heterogeneous knowledge and product bases. Dosi et 

al. (2017) recently addressed that firms know less than they do. This research goes further 

and empirically supported that the less know a firm is, the more competitive. In other words, 

firms that focus on specific knowledge fields and diversify their products utilizing the core 

knowledge demonstrate a higher growth rate. The result does not mean to inhibit 

knowledge exploration in other fields. It is crucial for firms to remain focused on their core 

knowledge while complementing it by exploring new knowledge. 

This chapter examined the evolution process of firm capability by linking knowledge 

and product spaces. The results are different from the perspective of classical economics 

that view new inputs (knowledge) induce new outcome (product) (Fai, 2004). Each product 

in a firm come from its core knowledge (Helfat and Raubitschek, 2000). The growth rate 

of a product or business area usually decline when environment change. However, a core 

capability does not lose its value regardless of changes from the outside. 

Korean firms show a high level of knowledge diversification. Most Korean firms 

perform innovation intensively but lack core knowledge. They have been merely following 

knowledge of leading firms. Core knowledge cannot achieve a certain level at once. It 

requires persistent accumulation for an extended period. Therefore, Korean firms need to 

be committed to accumulating knowledge in particular areas consistently. Policies that can 
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encourage trials and errors let firms accumulate those experiences are fundamental to create 

such conditions. 

The limitations of this chapter are as follows. A one-year time lag was considered in 

understanding the dynamic relationship between knowledge and products. However, this is 

not sufficient to take into account time lags in the process of knowledge-product-

commercialization. It suggests that the future research perform analysis incorporating 

information on long-term patent and products. The second limitation is that the data in this 

chapter contain relatively large companies in scale. It is desirable that the future research 

expand its scope to SMEs and reflect factors arising from different firm sizes in the analysis. 
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 Conclusion 

 

6.1 Summary 

Knowledge is accumulated as a result of continuous and persistent effort with long-term 

perspectives. This research examines how innovation contributes to firm growth in terms 

of persistence of innovation activities. This research constructs unique panel datasets 

merging financial, patent, and product information on Korean manufacturing firms and 

three empirical analyses are conducted. The results presented in Chapters 3, 4, and 5 reveal 

how persistence in innovation activities is important as a source of a firm’s competitive 

advantage. 

Chapter 3 examines the importance of R&D persistence. Even if the aggregate level of 

R&D over a certain period is equal, there is a difference in innovation activity. Some firms 

continue to invest certain amount of R&D every year (R&D persistence), while others 

fluctuate their levels of investment (R&D volatility). According to the results, firms with 

R&D persistence have higher growth rates. A positive relationship is identified between 

R&D level and firm growth in firms with R&D persistence. Even firms with quantitative 

increases in R&D investment have lower firm growth if there is high R&D volatility. 

Therefore, even if R&D investment is smaller, firms with persistent R&D investment have 

higher growth rates than those with higher but volatile R&D investment over time. This 

suggests that it is important to sustain R&D strategies from a long-term perspective even 

if the internal or external environment changes. 
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Chapter 4 discusses the qualitative aspects of knowledge accumulation strategies. The 

results show the importance of persistence of experience in a specific knowledge domain, 

which is measured as the depth of knowledge accumulation. The method of knowledge 

accumulation should change according to the depth of experience. Repetitive learning (i.e. 

no experimentation) is needed when the depth of experience is low. Novel approaches to 

learning (i.e. experimentation) is needed when the depth of experience is high. The results 

explain why competitive advantage between firms differs even if they make the same 

quantitative level of effort when considering qualitative aspects of knowledge 

accumulation. 

Finally, Chapter 5 examines the relative importance of persistence of knowledge base 

rather than product portfolio in the firm. This chapter identifies the dynamic relationship 

between knowledge base and product portfolio in a firm and what kinds of knowledge and 

product bases lead to firm growth. The results show that firms that focus on specific 

knowledge fields and diversify their products utilizing the core knowledge demonstrate a 

higher average growth rate. New product strategies do not always have a significant impact 

on growth. This implies that it is important to persistent knowledge base in a firm. 

The findings of the three chapters suggest the importance of the persistence of learning 

and experience in innovation activity. By considering persistence as a new dimension to 

understand innovation activities, the relationship between innovation and firm growth can 

be understood more systematically. Furthermore, a new perspective on innovation strategy 

and policy implications are suggested.  
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6.2 Implications 

Due to the concentration of research on the quantitative aspect of innovation activities, 

strategic and policy implications have been drawn up from this perspective as well. These 

may occasionally lead to fallacious implications. Moreover, issues have been raised about 

the fact that mere quantity does not guarantee competitiveness due to the low efficiency of 

innovation activities. Accordingly, this research can provide strategic and policy 

implications in a new perspective through the importance of persistence in innovation 

activities. 

Firms make efforts to create new technologies and respond to rapidly changing 

technologies. Ironically, persistent firms have competitive advantage even if they are slow. 

In other words, what are more important for innovation are not speed and quantity but 

persistent effort and direction. The strategic and policy implications of this research can be 

summarized as follows. 

 

 Strategic implications 

Korean firms have grown quickly and at a low cost based on the strategy of imitating 

technologies and knowledge of leading global firms. They needed to respond more quickly 

than others to the changing environment. Failure was unaccepted, and trial and error were 

minimized. Recently, they are looking for new industries changing their innovation 

strategies as a breakthrough for declined competitiveness. 

According to the results of this research, Korean firms are recently showing decline in 

performance and technological competitiveness not because they lacked innovation 
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activities but because they failed to sustain them for a long-term perspective. In other words, 

a firm’s competitive advantage results from persistence in innovation activities. Based on 

the results, this research can propose specific strategies in terms of persistence in innovation 

activities. 

It is important to implement R&D strategies for a long time once they are established 

even if the internal and external environments change. It is necessary to minimize the 

changes and enable the researchers to persistently build up knowledge. In terms of 

knowledge composition, firms must also have expertise in certain fields based on gradual 

and cumulative processes. Moreover, they need a learning strategy based on various 

experiments to constantly sustain and improve their expertise, and must apply specialized 

knowledge to various product lines. 

Firms must internally set the conditions to sustain innovation activities. Most Korean 

firms try to change all the strategies established before once their decision maker is replaced 

by a new one. The reckless distrust of the predecessor not only hinders the firm’s 

knowledge accumulation but also adds to the uncertainty and costs in the organization. It 

is necessary to sustain innovation activities in the long-term view even if the decision maker 

is changed. It is necessary to create an environment for researchers to persistently 

accumulate knowledge through trials and errors for a long time. Firms must avoid repeating 

the process of making investments when they have the opportunities and stopping when 

the opportunities no longer exist. 

Newness does not always bring a bright promising future. As shown in Chapter 2, growth 

opportunities always exists in the distribution of firm growth regardless of disaggregated 

levels. Therefore, firms can end up gaining the opportunity for (high) growth based on 
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persistent learning strategies and consistent experience in one field in the long run. 

 

 Policy implications 

The government is providing all kinds of policy support to improve the competitiveness 

of Korean firms. Most innovation policies are focused on promoting innovation activities 

through R&D subsidies or technology development projects, or exploring and developing 

new growth opportunities such as new industry promotion or new growth engine projects. 

However, these supports may hinder the persistence of firms and bring down their 

competitiveness. In fact, many firms constantly change their R&D strategies and projects 

to participate in government-funded projects. They also temporary increase their 

innovation activities just for the sake of government support. Moreover, it is impossible to 

just increase government support or funding due to limited resources, which is why it is 

necessary to come up with an efficient support strategy to promote firm competitiveness 

within such limited resources. 

The results of this research have significant implications in terms of innovation policy. 

It is necessary to reinforce policy means to support persistence in innovation activities. It 

is better for the government to support firms to sustain innovation activities in the long run 

rather than to temporarily increase innovation activities. For example, it is more desirable 

to fund a 1-billion-won project not all at once but for 5 years, 200 million won for each 

year. In particular, the government must support small and medium-sized enterprises 

(SMEs) or startups with poor conditions for sustainability so that they can persistently carry 

out innovation activities. Short-term support for these firms may rather hinder their 



192 

 

performance and generate social costs. According to the stylized facts of Korean firms 

discovered in Chapter 2, the growth SMEs shows relatively high fluctuation, but once it 

grows, it continues to grow and is likely to achieve high growth. Thus, Korean industrial 

ecology will be able to gain more vitality by supporting SMEs to sustain their innovation 

activities. Moreover, it is necessary to eliminate obstacles that hinder the persistent 

experience in one field, and induce firms to conduct various experiments. Furthermore, the 

evaluation of the government support must be performed in the mid/long-term perspective 

rather than depending on short-term performance. 

It is necessary to create an environment for firms to keep up their innovation activities. 

Thus far, there has been a routine in Korean industrial ecology focused on newness and 

speed. Constant policy efforts are required to change this routine. An environment must be 

created for firms to constantly make trials and errors and be encouraged despite their 

failures. 

Even though this research conducted analysis at the firm level, it can also provide 

implications in terms of science, technology and innovation (STI) policy at the government 

level. The agenda of STI policy is constantly changing in Korea. Korea is jumping on the 

bandwagon in terms of investments and policies of innovation, rather than adopting the 

long-term perspective to enhance the innovation capability. However, for STI policy, it is 

necessary to establish the agenda for persistence that can lead the future of Korea and has 

a ripple effect throughout the society. This will not only enhance national innovation 

capability but also create an environment for firms to keep up their innovation activities. 
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6.3 Limitations and future research directions 

This research has limitations despite its significance in the attempt to analyze the effect 

of innovation on firm growth in terms of persistence in innovation activities. Future 

research directions can be suggested based on the limitations. 

First, this research analyzed the effect innovation on firm growth, especially with focus 

on sales growth. The sales index is most commonly used in previous studies as it most 

clearly represents a firm’s short-term and long-term changes as well as firm 

competitiveness (Coad, 2009). Nonetheless, future research must determine the effects on 

the growth of employment and asset in terms of firm growth. Furthermore, it is necessary 

to determine the effects of persistence in innovation activities on performance such as 

profitability and productivity. It can understand the importance of persistence more 

systematically. 

Second, this research conducted empirical analysis only on Korean manufacturing firms. 

However, there may be a difference in the importance of persistence by industry or country. 

For example, firms in industries that show rapid changes in technology may relatively not 

consider persistence important (Mudambi and Swift, 2011). Future research must 

determine the effect of persistent effort in innovation activities on knowledge accumulation 

and competitive advantage in various contexts such as by country or industry. This will 

help understand the context in which persistence is important, and also suggest a new 

taxonomy for innovation strategies. The dataset must also be expanded for future analysis. 

This research has contribution as it established a unique panel dataset to Korean 

manufacturers, which encompasses R&D, patent and product information. The dataset in 
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Chapters 4 and 5 has a limitation in that it is only for listed manufacturing firms. By 

matching R&D, patent and product information to the extent of even firms subject to 

external audit and micro firms, it will be possible to more systematically understand 

innovation activities of Korean firms. Furthermore, a broader scope of implications can be 

made by establishing datasets of developed countries such as the US, Germany and Japan 

and compare them among the countries. 

Third, this research does not examine why innovation activities in terms of persistence 

vary among firms. As shown in the empirical evidence, innovation activities of Korean 

manufacturers are heterogeneous. Even in firms that make the same amount of R&D 

investments either persistent or volatile their R&D investments. Moreover, while some 

firms built up experience persistently in a specific field, others built up knowledge in 

diverse fields. Many studies have been conducted on factors determining innovation 

activities in the quantitative view. Unlike the quantitative aspect of innovation activities, 

persistence indicates long-term steadiness and consistency, representing the firm’s habit 

and routine of innovation. Therefore, there may be a difference from factors determining 

the level of innovation activities. Future research must systematically investigate factors 

that determine persistence. The persistence of innovation activities is likely to be affected 

by not only firm characteristics but also industrial and national characteristics. Thus, future 

analysis must investigate factors determining persistence in the systematic perspective 

based on expanded datasets. This will lead to strategic and policy implications to promote 

persistence of innovation activities. 

Fourth, this research discussed the process of knowledge accumulation focusing on the 

firm’s internal activities. However, as emphasized in open innovation, a firm actively 
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acquires knowledge through cooperation with other firms or spillovers. Future research 

must consider the role and effects of open innovation on persistence in innovation activities. 

Finally, most innovation policies are focused on promoting innovation activities of firms. 

Therefore, policy evaluation is based on whether there was an increase in innovation 

activities of firms through government support. Future research must determine the effects 

of innovation policies on persistence in innovation activities. More specifically, it is 

necessary to evaluate the effect of the current innovation policies such as R&D subsidies 

and government-funded projects on persistence in innovation activities, and to design a 

new form of innovation policy to induce persistence. 
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Appendix 1: Distribution of R&D level (Chapter 3) 

 

  



224 

 

Appendix 2: Results of selection equation (Chapter 4) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Notes: 1. Standard errors are in parentheses. 

2. ***, **, and * denote statistical significance at the 1%, 5%, and 10% levels, respectively. 

  

Innovator Model 

Dum_R&D (t-1) 
0.154*** 
(0.033) 

Debt_ratio 
-0.087** 
(0.042) 

Profit_ratio 
-0.031 
(0.140) 

Size 
0.216*** 
(0.015) 

Age 
-0.008*** 

(0.003) 

Industry dummies Yes 

Year dummies Yes 

Log-likelihood -8202.752 

Number of firms 1,455 

Observations 18,546 
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Appendix 3: Industrial classification (Chapter 4) 

OECD classification KSIC Industry 

High-tech 

21 Basic pharmaceutical products and reparations 

26 Computer, electronic and network products 

27 Medical, Precision and Optical Instruments, Watches and Clocks 

Med-high-tech 

20 Chemicals and chemical products 

28 Electrical equipment 

29 Machinery and equipment 

30 Motor vehicles, trailers and semi-trailers 

31 Other transport equipment 

Med-low-tech 

19 Coke and refined petroleum products 

22 Rubber and plastics products 

23 Other non-metallic mineral products 

24 Basic metals 

25 Fabricated metal products, except machinery and equipment 

Low-tech 

10 Food products 

11 Beverages 

12 Tobacco products 

13 Textiles 

14 Wearing apparel 

15 Leather and related products 

16 Wood and products of wood and cork, except furniture 

17 Paper and paper products 

18 Printing and reproduction of recorded media 

32 Furniture 

33 Other manufacturing 
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Appendix 4: Results of quantile regression (Chapter 4) 

Y (Firm growth) 
Lower quantiles Median Upper quantiles 

5% 10% 20% 50% 80% 90% 95% 

Experience_depth (t-1) 
0.028** 

(0.012) 

0.020** 

(0.006) 

0.019** 

(0.007) 

0.018*** 

(0.005) 

0.016** 

(0.008) 

0.015 

(0.012) 

0.011 

(0.018) 

Experience_depth2 (t-1) 
-0.008 

(0.011) 

-0.007 

(0.005) 

-0.007** 

(0.003) 

-0.007** 

(0.004) 

-0.001 

(0.001) 

-0.001 

(0.001) 

-0.001 

(0.001) 

Experimentation_ratio (t-1) 
0.099*** 

(0.031) 

0.075*** 

(0.022) 

0.058*** 

(0.014) 

0.041*** 

(0.007) 

0.033** 

(0.017) 

0.058** 

(0.027) 

0.079** 

(0.037) 

Experience_depth X 

Experimentation_ratio (t-1) 
-0.275*** 

(0.211) 

-0.322** 

(0.142) 

-0.270** 

(0.150) 

-0.360*** 

(0.116) 

-0.427*** 

(0.170) 

-0.611*** 

(0.196) 

-1.159*** 

(0.232) 

Experience_depth2 X 

Experimentation_ratio (t-1) 
0.275* 

(0.157) 

0.218** 

(0.110) 

0.144 

(0.126) 

0.240*** 

(0.089) 

0.300*** 

(0.115) 

0.385*** 

(0.152) 

0.824*** 

(0.238) 

Num_patent (t-1) 
-0.008*** 

(0.002) 

-0.013*** 

(0.002) 

-0.010*** 

(0.002) 

-0.007*** 

(0.000) 

-0.005*** 

(0.001) 

-0.005*** 

(0.001) 

-0.006*** 

(0.002) 

Experience_new (t-1) 
-0.038 

(0.041) 

-0.068* 

(0.041) 

-0.005 

(0.036) 

-0.025*** 

(0.007) 

-0.064* 

(0.035) 

-0.050 

(0.042) 

-0.086 

(0.054) 

Debt_ratio 
-0.223*** 

(0.033) 

-0.212*** 

(0.028) 

-0.157*** 

(0.025) 

-0.065*** 

(0.006) 

-0.002 

(0.028) 

0.037 

(0.032) 

0.041 

(0.044) 

Profit_ratio 
1.119*** 

(0.057) 

1.022*** 

(0.044) 

1.017*** 

(0.031) 

0.971*** 

(0.016) 

0.834*** 

(0.029) 

0.760*** 

(0.043) 

0.706*** 

(0.053) 

Size 
0.478*** 

(0.003) 

0.472*** 

(0.003) 

0.468*** 

(0.002) 

0.458*** 

(0.001) 

0.426*** 

(0.002) 

0.440*** 

(0.003) 

0.438*** 

(0.004) 

Age 
0.009*** 

(0.001) 

0.009*** 

(0.000) 

0.008*** 

(0.000) 

0.008*** 

(0.000) 

0.007*** 

(0.000) 

0.006*** 

(0.000) 

0.006*** 

(0.000) 

Year dummies Yes Yes Yes Yes Yes Yes Yes 

Constant 
-9.779*** 

(0.069) 
-9.544*** 

(0.051) 
-9.352*** 

(0.036) 
-9.013*** 

(0.020) 
-8.621*** 

(0.045) 
-8.371*** 

(0.055) 
-8.228*** 

(0.079) 

Pseudo R2 0.696 0.715 0.738 0.781 0.803 0.812 0.818 

Observations 7,015 

Notes: 1. Standard errors are in parentheses. 

2. These standard errors are obtained using 100 bootstrap replications.  

3. ***, **, and * denote statistical significance at the 1%, 5%, and 10% levels, respectively. 
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Appendix 5: Descriptive statistics and correlations (Chapter 5) 

 

Variable Obs. Mean S.D. 1. 2. 3. 4. 5. 6. 7. 

1. Know_DIV 1,529 1.487 0.882 1.000       

2. Prod_DIV 1,529 0.754 0.429 0.201 1.000      

3. Num_patent 1,529 77.570 360.002 0.285 0.009 1.000     

4. Debt_ratio 1,529 0.471 0.244 0.059 0.135 -0.041 1.000    

5. Profit_ratio 1,529 0.170 0.152 -0.092 -0.008 -0.038 -0.152 1.000   

6. Size 1,529 18.918 1.980 0.386 0.159 0.326 0.164 0.051 1.000  

7. Age 1,529 32.773 17.155 0.030 0.055 0.095 -0.019 -0.049 0.124 1.000 

Note: 1. Without 0 value of the diversification variables  

2. The correlations in bold denote statistical significance at the 5% level 
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Abstract (Korean) 

혁신은 기업성장의 원동력이다. 이와 관련한 다수의 선행연구가 

진행되었지만, 여전히 현실에서 나타나는 기업성장에 대한 혁신의 기여효과를 

이해하는데 한계가 있다. 예를 들어, 한국기업들의 혁신활동이 꾸준히 

증가함에도 불구하고 최근 기술경쟁력 및 성과가 지속적으로 하락(정체)하는 

이유를 설명하지 못한다. 그 이유는 그 동안 연구에서 혁신활동의 양적 

측면에서만 논의가 이뤄졌기 때문이다. 즉, 기업의 혁신활동의 양적 차이가 

지식축적 정도를 결정하고, 그 결과 기업 경쟁력(성장) 차이를 결정한다는 

전제하에서만 논의가 이뤄졌다. 

하지만 지식은 자본과 다르게 양적 노력만으로 축적되는 것이 아니다. 

지식은 장기간 시행착오를 통한 꾸준하고 지속적인 노력의 결과로 축적된다. 

그러므로 혁신활동을 이해하는 새로운 축으로 기업이 얼마나 지속적으로 노력, 

축적하고 있는지에 대한 논의가 필요하다. 이러한 관점 하에서의 연구는 

부족하다. 

본 연구는 혁신활동의 지속성 관점에서 혁신이 기업성장에 미치는 

기여효과를 실증적으로 분석하였다. 한국 제조기업을 대상으로 R&D, 특허 및 

제품 정보를 포괄하는 고유의 패널 데이터 셋을 구축하였으며, 실증분석을 

진행하였다. 이를 통해 기업 경쟁우위의 원천으로 꾸준하고 지속적인 

혁신활동이 중요하다는 점을 규명하였다. 

구체적으로, 3장에서는 R&D투자 지속성의 중요성을 규명하였다. 일정기간 

동안에 동일한 정도의 R&D투자를 한 기업군 내에서 일부 기업은 매년 일정 

정도로 투자(R&D지속성)하는 반면에 일부는 매년 변동(R&D변동성) 하는 
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이질성이 관찰된다. 분석결과에 의하면, R&D투자를 지속하는 기업일수록 

높은 성장률을 보인다. 특히, R&D투자가 증가할수록 높은 성장률을 보이는 

경우는 R&D투자를 지속하는 기업군에서만 나타난다. 이에 반해, R&D가 

변동하는 기업군에서 높은 R&D투자는 오히려 기업성장을 저해한다. 

그러므로 R&D투자가 적더라도 지속적으로 하는 기업이 R&D투자가 

많더라도 매년 변동하는 기업보다 더 높은 성장률을 보인다. 이러한 결과는 

기업 내ㆍ외부 환경이 변하더라도 한 번 설정된 혁신전략을 장기적인 안목을 

가지고 고수하는 노력이 중요함을 시사한다. 

4장에서는 기업 내 지식기반 지속의 중요성을 규명하였다. 분석결과에 

의하면, 한 분야에서 지속적인 경험을 축적하는 기업일수록 높은 성장을 한다. 

하지만 경험의 정도에 따라서 지식축적을 위한 학습전략은 변화해야 한다. 

구체적으로, 경험이 없는 상태에서는 반복적인 학습전략(실험 최소화)을 

고수하면서 지식을 축적하려는 노력이 중요하다. 하지만 관련 지식이 축적될 

수록, 다양한 지식과의 새로운 결합을 시도(실험)하는 학습전략이 중요하다. 

이를 통해 기업은 한 분야에서의 지식을 지속적으로 축적하되, 다양한 

방식으로의 시도를 통한 지식축적 전략이 필요함을 이해할 수 있다. 

마지막 5장에서는 기업의 제품 구성 대비 지식 구성의 상대적 지속의 

중요성을 규명하였다. 기업 내 지식과 제품은 상호영향을 주고받으며 발전, 

진화하는데, 이러한 관계를 살펴보고, 어떠한 전략이 기업성장에 효율적인지 

파악하였다. 분석결과에 의하면, 핵심지식을 보유하면서, 다양한 제품군을 

가진 기업 일수록 높은 성장률을 보인다. 핵심지식 없이 맹목적인 

제품다각화는 기업성장에 유의미한 영향을 미치지 않는다. 이는 기업이 특정 

분야에 대한 지식을 지속적으로 축적하고, 축적된 지식을 다양한 영역의 
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제품군에 적용하는 전략이 중요함을 시사한다. 

연구의 결과를 종합하면, 기업의 경쟁우위를 획득, 유지함에 있어서 

혁신활동의 양, 새로움보다는 꾸준한 학습과 한 분야에서의 지속적인 경험, 

축적이 중요하다. 최근 한국기업들의 성과 및 기술경쟁력 저하 원인은 

혁신활동이 부족해서가 아니라 혁신활동을 지속적으로 하지 못하기 때문이다. 

본 연구에서 혁신활동을 이해하는 새로운 축으로 지속성을 제안함으로써 

혁신과 기업성장 관계를 보다 체계적으로 이해할 수 있다. 나아가서 새로운 

관점의 혁신 전략 및 정책 함의를 도출할 수 있다. 신산업발굴, 신기술개발 

또는 혁신활동의 증가에 대한 맹신보다는 혁신활동을 지속할 수 있는 여력을 

확보하고 환경을 조성할 수 있도록 전략적ㆍ정책적 노력이 요구된다. 

 

주요어: 지속성, 혁신활동, 기업성장, 지식축적, 실증분석 

학  번: 2014-30286 
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