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Abstract

:

Small and medium-size enterprises (SMEs) in the healthcare IT industry must have innovative technology and, at the same time, be able to commercialize this technology in order to have sustainable growth, as enterprises in any other industry do. However, due to the lack of resources of SMEs, many studies focus on effective and innovative strategies based on a resource-based view. To be more effective, some SMEs collaborate with other companies in the manufacturing process, not as a closed, but rather as an open innovation. However, this collaboration is difficult and bears risks. Additionally, as an external factor, the government certification system attempts to help SMEs. Therefore, in this study, we performed a multiple regression analysis centered on firms’ resources and strategies. Three results were obtained. First, in terms of the firms’ resources, the higher the quality of patents that measure firm capacity, the higher the firm performance. Second, regarding the firms’ strategies, cooperation with external companies in the manufacturing process has a positive effect on firm performance. Third, receiving government certification (InnoBiz certification), as a form of cooperation with the government, has a negative impact on firm performance. In other words, the present government policy to support the R&D of SMEs needs to be adjusted. SMEs can develop high-quality patents, and strategies for cooperation with external companies can enhance the innovation performance of enterprises.
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1. Introduction


The healthcare IT industry, which was created by the fusion of advanced information and communication technology (ICT) and medical technology, is regarded as a new growth engine that can effectively cope with various social and economic problems, caused by aging and chronic diseases, and enable economic revitalization [1,2]. Especially, Korea has a high demand for the introduction and development of digital healthcare due to the rapid improvement of the economic level, the aging population, and the high interest in healthy life [3]. In order to promote the healthcare IT Industry, the Korean government is striving to establish a reasonable support system and a regulatory system for related technologies and enterprises.



Small and medium-size enterprises (SMEs) can only survive if they possess certain technologies or strategies. Due to resource limitations and to prevent failure, SMEs should build a strategy that is able to increase the profit of the enterprise using its flexible structure [4,5,6]. Otherwise, the business would not be sustainable [7,8].



While it is important for SMEs to develop competitive technologies, there is the risk and uncertainty concerning whether the innovation investment will be successful, and the innovation requires enormous capital and time in the development process [9,10,11]. In order to strategically use limited resources, studies on SME innovation are based on the resource-based view (RBV). RBV points out that the ability to use resources appropriately for innovation is the key to enterprises’ innovation and success [12,13,14,15,16], and the extent of innovation is determined by the strategy and resources of the organization [10,17]. With a competitive strategy for using resources, SMEs can own their technology, which is measured based on patent information [18,19].



However, innovation is also important for the profit of SMEs to commercialize this technology and directly influence sales. Strategies and an environment for the commercialization of the developed innovative technologies are important for SMEs to make profits [20,21].



As the IT and health care industries are being combined, competition among SMEs for the development of new technology is becoming severe, and a commercialization strategy in the manufacturing process is becoming more important [22,23,24,25]. It is too costly for SMEs to develop a new manufacturing process each time they develop new technologies. Thus, some SMEs cooperate with other firms in the manufacturing process.



Furthermore, in the early stage of reviving industries through convergence [26], the government support policy is important for the healthcare industry, which is facing a new phase through convergence with the IT industry because the government support policy is an important factor in the performance of SMEs [27,28,29]. Innovative products in emerging markets are often created by SMEs. This means that SMEs need R&D investment and collaboration with others, which also includes the government support policy. There are two representative support policies for innovative SMEs in South Korea: Venture certification and InnoBiz certification. However, there is no policy or development direction for the healthcare IT industry itself. Thus, it is necessary to examine whether the current policy is appropriate for nurturing healthcare IT SMEs, which means taking leap in decades.



In order to be sustainable, it is necessary to examine how SMEs should develop a strategy from technology development relating to commercialization and government policy. To extend the studies on cooperation strategies [30,31] and the analysis of strategies from technology development for commercialization [23], a research framework exploring the use of government policy as a strategy is needed.



Therefore, this study identifies factors that have a positive effect on firm performance. Its research framework not only encompasses the investigation of the technological innovation strategy of the healthcare IT industry, but also the government support policy effect and commercialization strategy from the perspective of open innovation. Section 2 describes the research framework and hypotheses, Section 3 presents the data methodology, Section 4 presents results, and Section 5 discusses the results.




2. Research Framework and Hypotheses


2.1. Firm Strategy


2.1.1. Utilizing Outsourcing Strategy and Firm Performance


As technology grows at a faster pace, open innovation is becoming more important. In terms of open innovation, establishing strategies for collaboration is becoming more important in the healthcare industry in order to catch up with the pace of technology development [32]. Open innovation is defined as “the use of purposive inflows and outflows of knowledge to accelerate internal innovation, and to expand the markets for the external use of innovation, respectively”, as suggested by Chesbrough (2003) [33]. There are several types of open innovations and challenges [34,35,36,37]. However, collaboration for commercialization could reap benefits because the company that processes internal technology can commercialize it through external agencies [38]. An advantage of commoditization in cooperation with the external firm is that it can exclusively commercialize technology as well [39]. Moreover, there are more innovative products as collaboration increases [40]. As a result of various collaborations, it is found that improved products led to increased sales and a better launch of new products [41]. Collaboration between companies in the manufacturing process could be a sustainable strategy [42]. In light of the aforementioned, it is valuable for SMEs to cooperate in order to commercialize a product.



However, SMEs are at risk of losing core competences, such as R&D, so it is difficult to commercialize through cooperation with external organizations [43]. Nevertheless, it is necessary for companies with closed innovation to have sufficient openness to catch up with competitors [44].



To avoid risk, vertical collaboration could be a proper strategy for SMEs. The degree of vertical collaboration positively affects performance [45]; outsourcing is seen as vertical collaboration. Outsourcing reduces costs and time, and improves quality, which leads to an increase in firm performance [46,47]. It is revealed that outsourcing is beneficial to firm performance by analyzing, through structural equation modeling, outsourcing factors and the relationship between supply chain performance and business performance [46]. Thus, the more the manufacturing process is outsourced for commercialization, the more sales performance has a chance to increase.



In order to promote the innovation activities of start-up companies, the South Korean government has tried to solve the asymmetry of information in venture firms and capital markets through a certification policy. This is consistent with Lerner’s (2002) claim that government certification can address information asymmetry in capital markets [29]. Since the late 1990s, the Korean government has implemented venture certification policies and InnoBiz certification policies, as governments have developed diverse support policies for SMEs, such as credit guarantees [48] and tax incentives [49], because government policy is an important factor in driving technological change [50].



InnoBiz is a compound word of Innovation and Business and refers to a technologically innovative SME that has secured competitiveness based on technological advantage. An InnoBiz-certified company is a stable growth company, with comprehensive technological innovation capabilities, that has been in operation for more than three years and that can continuously achieve technological innovation and value innovation to secure global market competitiveness. Relatively, the benefits of venture certification systems are focused on start-ups with less than three years of experience. As venture certification systems offer various benefits to companies that have been certified as venture companies, InnoBiz certification also provides comprehensive benefits, such as policy fund support, investment fund creation, management consulting, overseas certification, and pioneering the market.



Government support policies are effective for capability expansion and cost reduction, but some studies suggest that such government policies can hinder cooperation [51]. The case of Korea’s certification policy has been revealed as positively effective for firm performance. Innovative enterprise certification has a positive effect on business performance, and there are differences in management performance between technological innovation type SMEs and management innovation SMEs [52]. It is also found that there is a significant difference between the types of innovation and labor productivity, excluding operating profit, by comparing the differences in management performance between venture-certified firms and InnoBiz-certified SMEs. Whether the factors influencing performance are different was also analyzed [53]. Therefore, the following hypotheses are drawn to investigate whether the effect of government policy on corporate performance is negative or positive.



Hypothesis 1.

The higher the outsourcing ratio of manufacturing, the more a firm’s performance can increase.






2.1.2. Utilizing a Government Certification System and Firm Performance


In order to promote the innovation activities of start-up companies, the South Korean government has tried to solve the asymmetry of information in venture firms and capital markets through a certification policy. This is consistent with Lerner’s (2002) claim that government certification can address information asymmetry in capital markets [28]. Since the late 1990s, the Korean government has implemented venture certification policies and InnoBiz certification policies, as governments have developed diverse support policies for SMEs, such as credit guarantees [48] and tax incentives [49], because government policy is an important factor in driving technological change [50].



InnoBiz is a compound word of Innovation and Business and refers to a technologically innovative SME that has secured competitiveness based on technological advantage. An InnoBiz-certified company is a stable growth company, with comprehensive technological innovation capabilities, that has been in operation for more than three years and that can continuously achieve technological innovation and value innovation to secure global market competitiveness. Relatively, the benefits of venture certification systems are focused on start-ups with less than three years of experience. As venture certification systems offer various benefits to companies that have been certified as venture companies, InnoBiz certification also provides comprehensive benefits, such as policy fund support, investment fund creation, management consulting, overseas certification, and pioneering the market.



Government support policies are effective for capability expansion and cost reduction, but some studies suggest that such government policies can hinder cooperation [51]. Innovative enterprise certification has a positive effect on business performance, and there are differences in management performance between technological innovation type SMEs and management innovation SMEs [52]. It is also found that there is a significant difference between the types of innovation and labor productivity, excluding operating profit, by comparing the differences in management performance between venture-certified firms and InnoBiz-certified SMEs. Whether the factors influencing performance are different was analyzed [53]. Therefore, the following hypotheses are drawn to investigate whether the effect of government policy on corporate performance is negative or positive.



Hypothesis 2a.

An InnoBiz-certified company has a higher firm performance than a company without certification.





Hypothesis 2b.

A venture-certified company has a higher firm performance than a company without certification.





Hypothesis 2c.

A venture-certified company with InnoBiz and would have a higher firm performance than company with no certification.







2.2. Firm Resources


Innovation is not always good for the performance of SMEs [54]. RBV is based on the belief that resources and capabilities are important for competitive advantage [12]. As the business environment changes, however, the assumptions of the existing RBV are not matching up with the dynamics of the market. Thus, the RBV has been expanded to strategically use corporate resources for the success of a company’s innovation [13,14,15,16]. In particular, it is important for SMEs to have their own skills [55]. This technology has been mainly measured as the number of patents and the level of patent information [18,19,56,57,58] so that the patent analysis can present a strategy to assess a company’s technology development.



2.2.1. Firm Patents and Firm Performance


Because patents protect proprietary technology and can confirm the technological development and scalability, analyzing patents can reveal how a company’s proprietary technology can affect its growth and development. Patents are important resources for enterprises and can affect firm performance [59,60,61].



Particularly, an analysis using qualitative information, as well as quantitative information regarding patents, is able to consider the characteristics of a patent [18,19]. Typically, patent families and cited patents are used to determine the value of a patent. Patent family means a patent registered in various countries. The first patent is registered in one country and then expanded to other counties. The expansion of the scope of patents filed in the domestic market to foreign countries is taking into consideration the technology preemption in the overseas market, and the size of the patent family represents the international value of the patent right [19]. Thus, although patent numbers do not affect sales performance, the number of patent families and patent family members can have a positive impact on sales performance [62,63,64]. In other words, the greater the number of family patents, the more likely it is to commercialize in the target country, which can lead to an increase in sales.



Hypothesis 3a.

The greater the number of patent families, the higher the increase in firm performance.





A cited patent refers to a patent that is referred to or used by another patent. A cited patent may represent the extent of the technology of a cited patented technology [65]. Thus, cited patents are also being studied for their effect on firm performance as valuable patents [18]. Cited patents, representing high technology, are also used to evaluate the value of M&A targeting companies [66]. Narin et al. (1987) weigh cited patents among registered patents of the US pharmaceutical industry [56]. As a result, the positive relationship between the number of cited patents and the financial performance is confirmed.



Hypothesis 3b.

The more cited patents, the higher the increase in firm performance.






2.2.2. Firm Characteristics and Firm Performance


In order to investigate our hypotheses, the characteristics of SMEs should be controlled. While it is important to collaborate in the manufacturing process, SMEs must have their own technology, distinct from that of competitors [55]. The more SMEs invest in R&D to have their own technology, the higher the company’s capabilities [67]. In addition, the possibility of developing innovative products increases, together with firm performance, as R&D investment increases [68,69]. However, R&D investment also has the risk of failing. Thus, the impact of R&D investment on firm performance should be controlled.



The healthcare IT industry is still in its early stages, so there are a lot of young and small companies and this factor should be controlled for hypothesis testing. As a company grows older, its R&D activities and investments are reduced, and the profitability of the company is lowered as more and more companies seek rent [70]. There are also studies that conclude that the larger the company, the better the company’s performance [71]. However, there are some studies that show that firm size is not related to performance [72,73]. The number of employees can be used as a proxy of firm size [74]. Moreover, looking at the performance of SMEs in terms of innovation, they differ depending on the age of the company [54]. Therefore, the size and age of the company should be controlled.



To verify the hypotheses, the research model is drawn in Figure 1.



The research model is divided into firm strategy and firm resources based on RBV. The firm strategy consists of manufacturing process collaboration and government certification. Firm resources consist of firm patents and firm characteristics. The model is intentionally simplified to measure the effect of firm resources and firm strategy. There might be other relevant variables, which are not included in this model. Nonetheless, the model was developed, as shown in Figure 1, with the specific purpose of testing the above-stated hypotheses. Further research might help to extend the current model and find different relationships.






3. Data and Econometric Specification


3.1. Variables


The variables used in this study are presented in Table 1. Sales is a proxy of firm performance as a dependent variable. The independent variables consist of firm strategy and firm resources. The manufacturing process collaboration of the firm strategy is a percentage of outsourcing, and the government certification concerns whether the company received InnoBiz certification, venture certification, or both.



Firm resources consist of firm patents and firm characteristics. The number of patents, family patents, and cited patents were used as variables of firm patents. The age, number of employees, and R&D investment were used as variables to control firm characteristics.




3.2. Data


Among the SMEs, supported by the R&D project of the Small and Medium Business Administration, data concerning healthcare IT SMEs were collected, and SMEs are divided into the manufacturing industry and the service industry, according to the standard industry classification [77]). The data of a total of 858 SMEs are used: 733 SMEs in the manufacturing sector and 125 SMEs in the service sector. SMEs’ basic information and management information (sales, age, number of employees, R&D intensity) are collected from Korean company data (KED), and patent information is collected from WIPS (http://www.wipscorp.com/main.wips, a Korean company offering global patent information services). The outsourcing percentage of companies, and information concerning whether to obtain the government certification system, is based on the survey data of Small and Medium Business Administration.



Information from 2011 to 2013 concerning whether or not the company received a government certification is used. The remaining variables data are based on the three-year average from 2011 to 2013. Descriptive statistics on healthcare IT firms is presented in Table 2. Information about the service sector and manufacturing is presented in Appendix Table A1 and Table A2.




3.3. Analysis Model


Multiple regression was applied for the statistical analysis of financial performance. Multiple regression model with firm performance (y = sales) can be expressed as follows:


     y = β _ 0 + β _ 1   O u t + β _ 2   I / V + β _ 3 P a t e n t A + β _ 4   P a t e n t F + β _ 5 P a t e n t C     + β _ 6 A g e + β _ 7 E M P + β _ 8 R N D + ε     











Note: Out = Outsourcing, I/V = Certification, PatentA = # of patent, PatentF = # of patent Family, PatentC = # of cited patent, Age = Age, EMP = # of employees, RND = R&D.



The correlation of the variables used, and the variance inflation factor (VIF) of the explanatory variables, are shown in Table 3. If VIF is less than 10, multicollinearity does not exist [78]. As shown in Table 3, the VIF of each variable is smaller than 10. Thus, the variables used in this study do not have multicollinearity.





4. Summary of Findings


The analysis on whether open innovation is better for SMEs is done by a multiple regression model through Stata. We constructed three models: Model 1 is the analysis of the entire healthcare IT industry, model 2 is the manufacturing industry only, and model 3 is the service industry only. The results, in the same order as the hypotheses, are presented in Table 4. The findings, explaining whether they rejected the hypotheses, are described.



In the manufacturing process for the commercialization of products, the higher the cooperation with external companies, the greater the positive effect on the sales in the manufacture industry, but this cooperation has no significant effect in the service industry (Hypothesis 1 is partially accepted).



Most hypotheses investigating the influence of government policies are rejected (Hypothesis 2b and Hypothesis 2c are rejected), except for Hypothesis 2a, which is accepted in the service industry but not in the manufacture industry. In other words, obtaining venture certification has no impact on the service and the manufacturing industry. The InnoBiz certification has an insignificant effect on the sales of the manufacturing industry, but a positive effect on the service industry. However, when firms obtain both certifications, there is no effect at all, not even in the service industry. This means that only the InnoBiz certification has a positive effect on sales in the service industry. In the case of the manufacture industry, when the firm has both InnoBiz certification and venture certification, sales are negatively affected compared to firms with no certification.



Hypothesis 3b is accepted. In other words, the more patents, the more advanced and powerful the technology and the greater the sales of SMEs. However, Hypothesis 3a, in which a larger number of patent families would have a positive impact on sales, is rejected in both the manufacturing and the service industry. Even possessing more patent families has a significantly negative effect on firm performance.




5. Discussion and Limitations


5.1. Discussion


SMEs must have innovativeness and establish commercialization strategies to increase firm performance. As an extension of studies on the capabilities of SMEs based on RBV, the importance of collaborating with other companies is considered in this study. Especially, the fast-growing health care industry is converging with IT and can profit, not only from the innovation itself, but also from any commercialization manufacturing process strategy. Simultaneously, government support policies that are important to SMEs in the early stage of the life cycle of convergence sectors help SMEs to reach a better firm performance. However, previous studies are mostly based on RBV [9,10,11,12,13,14,15,16,17], and even the studies considering the collaboration could not consider the government support policy as the firm strategy [22,23,24,25]. Therefore, this study proposed a research model for firm performance by adding an open innovation perspective to RBV. First, factors affecting firm performance are classified as firm strategy and firm resources. The firm strategy is divided into external cooperation and government certification policy. As a firm resource, the patents and characteristics of the firm were taken into account.



First, cooperation with external companies in the manufacturing process for commercialization has a positive effect on firms in the manufacture industry. Despite the risks associated with outsourcing, it can provide benefits, such as costs and time savings [79,80,81]. This study found that outsourcing in the manufacturing process is better for the firm’s strategy in the healthcare IT industry, and previous studies revealed that outsourcing could improve the firm performance [45,46,47]. Unlike a large company with a scale of economy, it can be good for the company’s performance to cooperate in the manufacturing process, as this process requires multiple resources.



Even though the government’s support policy has a positive effect on firm performance [52,53], it is found that the current government certification system as the current support policy was not effective in this study. Similar results, concerning the venture capital, have also been found in studies regarding government support for SMEs [82,83,84]. If the current government certification system is maintained, it may be effective to focus on the service industry but not the manufacture industry. Furthermore, it would be counterproductive for a company to receive both venture and InnoBiz certification, so the company may need to avoid receiving both certifications. Moreover, among the certified companies, there are some that do not actually do R&D. Therefore, the process of certification for policy efficiency should be considered again.



Unlike in previous studies [19,63,64], the number of family patents has a negative impact on firm performance. This means that, rather than registering as many patents as possible in other countries, registering a patent only in its target country is good for firm performance. In summary, SMEs should develop high quality technology as much as they can, but it may be better for sales not to invest in registering patents in other countries, unless there is a market for commercialization.




5.2. Limitations


The limitations of this study are as follows. First, it is significant that this study measured outsourcing as a proxy for the degree of external collaboration. However, since this study used only Korean data, it is necessary to study data from the U.S. or other countries. In this study, we focused on technology innovation and cooperation in commercialization and took variables into account. Further studies need to consider strategies of SMEs, taking into account other variables as well. In addition, it is necessary to analyze the important factors of sales in each group benefiting from each government certification in order to present the direction of government policy development. Despite these limitations, this study is meaningful in that it presents a commercialization strategy for SMEs in the era of healthcare and IT convergence.





6. Conclusions


This study extends the RBV by combining it with open innovation to explain the firm collaboration strategy with external organizations. In conclusion, it is important for SMEs to strive to develop high technology, but it is also beneficial for them to cooperate with other firms in the commercialization process. Furthermore, it is advantageous to not receive government certification, unless it is a firm in the service industry.
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Table A1. Descriptive statistics of manufacture industry.






Table A1. Descriptive statistics of manufacture industry.





	
Dependent Variable

	

	
Variable

	
Number of Firms

	
Mean

	
Std. Dev.

	
Min

	
Max




	
Firm performance

	

	
Sales (billion KRW)

	
733

	
10.917

	
39.78653

	
0

	
674.867




	
Independent Variable

	

	
Variable

	
Number of Firms

	
Mean

	
Std. Dev.

	
Min

	
Max




	
Firm strategy

	
Manufacturing process collaboration

	
Outsourcing

	
733

	
27.43656

	
31.98263

	
0

	
100




	
Government certification

	
Certification

	
2.379263

	
1.292351

	
1

	
4

	
2.379263




	
Firm resources

	
Firm patents

	
# of patents

	
1.178718

	
3.00112

	
0

	
44.66666

	
1.178718




	
# of patent families

	
2.581628

	
6.476984

	
0

	
80.33334

	
2.581628




	
# of cited patents

	
0.017735

	
0.134357

	
0

	
2.333333

	
0.017735




	
Firm characteristics

	
Age

	
733

	
10.51023

	
7.115093

	
1

	
58




	
# of employees

	
733

	
36.65211

	
91.76058

	
1

	
1317




	
R&D (million KRW)

	
733

	
256.7136

	
1348.172

	
0

	
21169.52
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Table A2. Descriptive statistics of service industry.






Table A2. Descriptive statistics of service industry.





	
Dependent Variable

	

	
Variable

	
Number of Firms

	
Mean

	
Std. Dev.

	
Min

	
Max




	
Firm performance

	

	
Sales (billion KRW)

	
125

	
3.367852

	
10.60352

	
0

	
100.6813




	
Independent Variable

	

	
Variable

	
Number of Firms

	
Mean

	
Std. Dev.

	
Min

	
Max




	
Firm strategy

	
Manufacturing process collaboration

	
Outsourcing

	
125

	
2.44

	
12.33955

	
0

	
100




	
Government certification

	
Certification

	
125

	
1.792

	
1.145088

	
1

	
4




	
Firm resources

	
Firm patent

	
# of patents

	
125

	
0.208

	
0.370663

	
0

	
1.666667




	
# of patent families

	
125

	
0.450667

	
0.71874

	
0

	
3.333333




	
# of cited patents

	
125

	
0

	
0

	
0

	
0




	
Firm characteristics

	
Age

	
125

	
7.312

	
5.19835

	
1

	
33




	
# of employees

	
125

	
20.48

	
39.4019

	
1

	
256




	
R&D (million KRW)

	
125

	
6.871552

	
56.89774

	
0

	
621.464








Note: KRW = Korean Republic Won. certification: 1 = nothing, 2 = InnoBiz certification, 3 = venture certification, 4 = both InnoBiz certification and venture certification.
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Figure 1. Research Framework. 
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Table 1. Explanation of variables.






Table 1. Explanation of variables.





	
Dependent Variable

	

	
Variable

	
Explanation

	
Reference




	
Firm performance

	
Financial performance

	
Sales

	
Firm’s sales

	
[75]




	
Independent Variable

	

	
Variable

	
Explanation

	
Reference




	
Firm strategy

	
Manufacturing process collaboration

	
Outsourcing

	
The percentage of outsourcing in the manufacturing process

	
[47]




	
Government certification

	
Certification

	
Whether the firm has InnoBiz certification or venture certification or both

	
[52,53]




	
Firm resources

	
Firm patents

	
# of patents

	
Number of registered patents

	
[60]




	
# of patent families

	
Number of family patents

	
[18]




	
# of cited patents

	
Number of cited patents

	
[65]




	
Firm characteristics

	
Age

	
Age of the firm

	
[54]




	
# of employees

	
Number of employees

	
[74]




	
R&D investment

	
The amount of R&D investment

	
[76]
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Table 2. Descriptive statistics.






Table 2. Descriptive statistics.





	
Dependent Variable

	

	
Variable

	
Number of Firms

	
Mean

	
Std. Dev.

	
Min

	
Max




	
Firm performance

	

	
Sales (billion KRW)

	
858

	
9.817185

	
37.08705

	
0

	
674.867




	
Independent Variable

	

	
Variable

	
Number of Firms

	
Mean

	
Std. Dev.

	
Min

	
Max




	
Firm strategy

	
Manufacturing process collaboration

	
Outsourcing

	
858

	
23.79487

	
31.20228

	
0

	
100




	

	
Government certification

	
Certification

	
858

	
2.293706

	
1.288123

	
1

	
4




	
Firm resources

	
Firm patents

	
# of patents

	
858

	
1.037296

	
2.798271

	
0

	
44.66666




	
# of patent families

	
858

	
2.271173

	
6.039287

	
0

	
80.33334




	
# of cited patents

	
858

	
0.015152

	
0.12433

	
0

	
2.333333




	
Firm characteristics

	
Age

	
858

	
10.04429

	
6.958815

	
1

	
58




	
# of employees

	
858

	
34.29604

	
86.3082

	
1

	
1317




	
R&D (million KRW)

	
858

	
220.3147

	
1249.283

	
0

	
21169.52








Note: KRW = Korean Won. Certification: 1 = nothing, 2 = InnoBiz certification, 3 = venture certification, 4 = both InnoBiz certification and venture certification.













[image: Table] 





Table 3. Summary of coefficient of correlation and VIF.






Table 3. Summary of coefficient of correlation and VIF.


















	
	VIF
	Sales
	EMP
	Age
	PatentA
	PatentF
	PatentC
	I/V
	Out
	RND





	sales
	
	1.0000
	
	
	
	
	
	
	
	



	EMP
	2.32
	0.8648
	1.0000
	
	
	
	
	
	
	



	Age
	1.14
	0.0623
	0.1903
	1.0000
	
	
	
	
	
	



	PatentA
	6.43
	0.3279
	0.3192
	−0.0978
	1.0000
	
	
	
	
	



	PatentF
	8.88
	0.3836
	0.4257
	−0.0809
	0.8862
	1.0000
	
	
	
	



	PatentC
	1.72
	0.222
	0.0779
	−0.1461
	0.5301
	0.4449
	1.0000
	
	
	



	I/V
	1.28
	−0.2664
	−0.3143
	−0.2072
	0.1447
	0.1070
	0.0911
	1.0000
	
	



	Out
	1.05
	−0.03
	−0.1342
	−0.0341
	−0.0640
	−0.1005
	−0.0564
	0.0167
	1.0000
	



	RND
	2.47
	0.7428
	0.5747
	−0.1109
	0.5229
	0.5432
	0.4904
	0.0341
	−0.1523
	1.0000







Note: EMP = # of employees, Age = Age, PatentA = # of patent, PatentF = # of patent Family, PatentC = # of cited patent, I/V = Certification, Out = Outsourcing, RND = R&D.
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Table 4. Results of regression.






Table 4. Results of regression.





	
Variables

	
Model 1

	
Model 2

	
Model 3






	
Firm strategy

	
Manufacturing process collaboration

	
Outsourcing

	
0.0531 **

	
0.0518 **

	
0.0125




	
(0.0208)

	
(0.0237)

	
(0.0177)




	
Government certification

	
InnoBiz certification

	
−2.808

	
−4.494

	
40.48 ***




	
(2.846)

	
(3.128)

	
(2.494)




	
Venture certification

	
−1.078

	
−1.471

	
0.865




	
(1.754)

	
(2.055)

	
(0.589)




	
InnoBiz certification + Venture certification

	
−4.788 ***

	
−5.131 **

	
0.578




	
(1.824)

	
(2.063)

	
(0.850)




	
Firm resources

	
Firm patents

	
# of patents

	
2.212 ***

	
2.260 ***

	
1.573 *




	
(0.442)

	
(0.475)

	
(0.799)




	
# of patent families

	
−1.289 ***

	
−1.327 ***

	
−0.742 *




	
(0.231)

	
(0.249)

	
(0.376)




	
# of cited patents in the U.S.

	
49.84 ***

	
50.36 ***

	




	
(13.91)

	
(14.90)

	




	
Firm characteristics

	
# of employees

	
0.281 ***

	
0.287 ***

	
0.128 ***




	
(0.0107)

	
(0.0118)

	
(0.00684)




	
Age

	
0.0885

	
0.0817

	
0.0128




	
(0.119)

	
(0.132)

	
(0.0594)




	
R&D investment

	
0.0091 ***

	
0.0089 ***

	
0.0454 ***




	
(0.000736)

	
(0.000791)

	
(0.00569)




	
Constant

	
−1.998

	
−1.633

	
−0.653




	
(1.337)

	
(1.652)

	
(0.416)




	
Observations

	
858

	
733

	
125




	
R-squared

	
0.745

	
0.746

	
0.953








Note: Standard errors in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1.
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