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Abstract

:

Korea’s small- and medium-sized enterprises are desperate to improve their performance through engaging in technological innovation, due to the fierce competition prevalent in a low growth economic environment. However, most small- and medium-sized enterprises are having difficulty responding to changes in the economic environment due to the challenge of developing their own technologies and their limited resources. The aim of this study is to assess whether government financial support for R&D aimed at small- and medium-sized enterprises has contributed to improvements in their business management performance. The sample of this study was comprised of 105 KOSDAQ-listed small- and medium-sized enterprises with experience in technology development. The empirical analysis was conducted on the basis of the mediating effect measurement method of Baron and Kenny (1986). It was found that company technological innovation capabilities have a positive effect on management performance, and in particular, that the majority of companies that received government financial support for R&D have improved their management performance. Therefore, it is recommended that small- and medium-sized companies take an active part in various government R&D financial support programs and make efforts to strengthen their technological innovation in areas such as their product service and process innovation capabilities.
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1. Introduction


The proportion of small- and medium-sized companies is a significant factor in the domestic industry of Korea, considering the large number of businesses and the number of people they employ. Therefore, the government has been supporting the development of small- and medium-sized enterprises (SMEs) and sustainable ecosystems in terms of funding, sales, manpower and R&D. In particular, successive governments have promoted innovative growth policies for SMEs through R&D investment since 1998. As a result, in 2018, approximately KRW 2 trillion of the total R&D spending of the Korean government went to support small and medium enterprises [1]. In particular, companies have been trying to improve their business management performance and international competitiveness through various types of innovation activities. However, one constraint is that continuing technological innovation, which can add value in a fierce competitive environment, may be difficult to achieve in the short term due to costs and lack of resources. However, it can be achieved through a focus on the strategic and managerial capabilities of the organization, as well as its overall capabilities [2]. From a business perspective, technology innovation can lead the improvement of a firm’s technology activities and support a strategy of securing competitive advantage [3]. In the highly innovative situation that normally arises in the initial stage of a firm’s existence, an “open-and-closed” strategy that secures a firm’s core area of strength while being open to collaboration with external entities in relation to its weaker operations, can be very effective [4,5,6]. The purpose of our research is to verify the kind of effect and efficiency of government R&D funding on the business performance of SMEs, and to assess the mediating effect of technological innovation. In Section 2 this study will look at the theoretical understanding of and the prior research on technological innovation, management and government R&D financial support programs. In Section 3, our study model and variables are set out, while empirical analysis is conducted in Section 4, and finally Section 5 presents the conclusions of our study and its research limitations.




2. Literature Reviews


2.1. Technology Innovation and Business Performance


The research on technological innovation and economic performance proposed by Schumpeter (1935) [7] gained new impetus in 1960. Schumpeter argued that monopoly profits that large oligopolies temporarily enjoy are an important factor in creating technological innovation. Since the late 1980s, many innovation researchers have been debating the size and market structure of large companies as well as small- and medium-sized enterprises, and the relationship between technological innovation and company size [8,9,10,11]. Pavitt (1984) [12] categorized types of technological innovation according to industry and suggests that large- and small-scale innovation differ depending on the size of industry. Technological innovation is a main key factor in securing competitiveness, as science and technology performance is commercialized through technological innovation and can result in productivity improvements [13,14]. Technology innovation performance can vary depending on the strategic management capacity, operational performance and management capability of the organization [15,16]. Small and medium venture companies are able to establish their own technology support systems through continuous focus on technological innovation activities and can solve problems related to internal technical support in areas such as technology, manpower and equipment [17]. Therefore, when companies have the capacity to systematically operate and manage the process of technological innovation, performance improvements can take place [18,19]. On the other hand, much research has focused on the ways in which a company’s technological innovation capabilities affect its business performance, on the basis of the determinants of such technological innovation. Figure 1 illustrates the process of R&D investment that leads to the creation of technological innovation and the generation of management performance improvements [20,21]. In this regard, Koellinger (2008) argues that it is difficult to define innovation activities and to analyze management performance on the basis of technology development, innovation, management practices and the optimal path to take in order to ensure the development of innovation activities. Economic theory suggests that innovation can be divided into technological superiority, process innovation and product service innovation, and process innovation and product service innovation can lead to business competitiveness by increasing productivity and efficiency.



Prior research on technological innovation and business management suggests that, first of all, innovation is a process both of creating and inventing new things and of reinventing them, in other words of transforming them from existing forms into new forms [22]. It is a series of processes that take into account new factors in a given environment and develop and utilize them. Meanwhile, the sales of technological innovations and business management-related indicators have long been recognized as important signs of business performance by many scholars [23,24]. One study showed that patented inventions had a positive effect on the sales growth of 365 U.S. companies, and while R&D did not increase their marginal profits overall, it increased profits through specific marginal profit increases. It has also been argued that sales can be increased based on a company’s innovative performance [9]. A survey of activities in the steel and petrochemical industries over the course of 40 years showed that innovative companies grow faster than others [25]. In particular, technological research and development can have a similar effect on sales growth [26]. In addition, a study on the performance of 539 British companies over the course of nine years from 1972 to 1983 showed that those that produced at least one innovation had better results in terms of sales and profit growth compared to those that did not generate any innovations at all. However, the effect of certain innovation activities on sales is seen as short-term, because the innovation effect on growth leads to an increase in sales [27,28]. Unlike the existing theory [9] of Scherer (1965), this is a different claim from that made by previous research, because it recognizes that innovation activities can have more impact on marginal profit growth than on sales growth. On the other hand, the profitability performance index of management can be seen as the operating profit rate when analyzing the relationship between technological innovation and management performance, when available data is limited in areas such as the assessment of management performance achieved through innovation [29,30]. Prior research has compared factors that influence management performance such as Technology innovation vs. Revenue, Innovation product Vs. Revenue, Innovation company Vs. Non-Innovation company, and R&D Activity Vs. Revenue [31,32,33,34].




2.2. Government R&D Support and Performance


Korea is a country with world-class levels of R&D investment and with a high level of GDP, and it supports large R&D budgets for small- and medium-sized companies. Korea’s R&D development costs in 2016 were approximately KRW 69 trillion, accounting for 4.2 percent of GDP, the second highest rate in the world, and the government R&D budget for small- and medium-sized enterprises was about 15.7 percent of the total R&D budget in the same year. In the five years 2012–2016, the average amount of R&D financial support for small- and medium-sized enterprises increased steadily to KRW 8.4 trillion (a 35% annual increase), and the number of R&D projects supported by the government was 28,542, which represents an increase of about 51% year-on-year during the period. In particular, the Small and Medium Venture Business Ministry invested KRW 4.27 trillion in 30,302 R&D projects over these five years. Analysis has shown that most of the SMEs which received government R&D support had positive outcomes in terms of sales and increased assets, as well as an increased number of employees. In particular, companies that received R&D support from the mid-term government displayed a high level of growth in terms of sales and employee numbers. According to Ministry of Science, Technology and Technology data (2018), the ratio of SMEs with less than 250 employees who received government R&D support was 56.8%, which is a higher level than the equivalent number in advanced countries such as the United States (11.4%), France (24.8%) and Germany (45.0%). As these numbers show, Korea seems to focus on national R&D support and efficiency maximization policies in order to improve the innovation capacity of companies. In the meantime, the net profit growth rate of small- and medium-sized enterprises who receive government funds and other financial support is higher than that of other companies [35], and the government’s funding has a positive effect on various business operations such as sales, which is a profitability indicator of small- and medium-sized enterprises [36]. In addition, government funding can produce improvements in all aspects of management performance [37]. In this regard, government funding provides short-term liquidity to small- and medium-sized enterprises and plays an important role in maintaining employment in these companies [38]. In particular, when comparing the management performance of small- and medium-sized enterprises which receive R&D funding with that of other sample companies, the former have higher net profit growth rates in the following year [35]. In addition, it has been demonstrated that companies that received government R&D support enjoy positive results in terms of increasing sales and operating profits, which can improve their profitability [39]. In terms of a wider range of performance indicators, government R&D funds also improve stability indicators such as flow ratio and debt ratio [40]. It also has the effect of improving the financial performance of small- and medium-sized companies in the short term [36]. Other research has shown the impact of government financial support on the growth of employment [41,42], the effect of R&D financial support on the productivity and employment rate of small- and medium-sized enterprises [43], and the outcome of innovative R&D activities and technology development [44]. In addition, various studies on the indicators and variables used to measure management performance have also been carried out [45,46]. Financial indicators such as sales, revenue, market share, productivity, debt ratio, and value have been measured as indices of business performance [47]. Based on this research, performance measurement has been conducted that distinguishes between financial and non-financial factors [48]. This work focuses mainly on economic performance, technology development and level of employment. In addition, it has also been shown that government R&D support in relation to patents, which are a knowledge generation indicator, can increase the number of patents generated by small and medium enterprises [49]. Because of information asymmetry, it is difficult for government or external investors to invest in company R&D with confidence, so in the initial stages of their R&D development, SMEs generally use internal funds [50]. In addition, government support for small and medium enterprises has mainly been limited to the provision of funding, and there have not been many areas of R&D support that can be said to be very important factors in securing the sustainability and survival of small and medium enterprises. This is simply because the effect of government R&D funding has been assessed only through a financial comparison of the differences in performance of supported and non-supported companies [51].





3. Design and Methodology


3.1. Research Model and Hypothesis


Based on the results of prior research, this study established a research model (Figure 2) and verified its research hypotheses by measuring the mediating effect of a company’s technological innovation capability on the impact of government R&D financial support, in terms of management performance.



First of all, our research hypotheses pose the question as to whether government R&D financial support affects management performance. If this support affects companies’ technological innovation capability, this capability will affect management performance. Three research hypotheses were proposed, and verification of them was then carried out. Technology innovation capability denotes the level of product service innovation and process innovation present in small and medium enterprises. The level of technological innovation capability is also used as a factor which can confirm the second stage of the three-step analysis method proposed by Baron and Kenny (1986). A company’s management performance can be gauged on the basis of sales and the employment increased, which are representative company growth indicators. In this light, and based on prior research related to government R&D financial support, < hypothesis 1 >, composed of two parts, was formulated as follows:



Hypothesis 1 (H1).

Government R&D financial support positively affects management performance (+). (1-1) Ministry of SMEs and Startups (MSS) R&D financial support positively affects management performance (+). (1-2) KOBIR R&D financial support positively affects management performance (+).





Government R&D financial support affects technological innovation capabilities. The results of this study’s preliminary research confirmed that the government’s R&D financial support program contributed to the improvement of the innovation activity index of affected companies [43,44]. This preliminary work was applied to the formulation of both < hypothesis 2 > and < hypothesis 3 >. The technical innovation capability of a company related to < hypothesis 3 >, which stipulates that this capability has a median impact on the relationship between government R&D financial support and management performance. As a result of the potential benefits, the R&D financial support (3-1) of the mid-sized government and the Korean Small Business Innovation Research Program (KOSBIR) (3-2) were established.



Hypothesis 2 (H2).

Government R&D financial support has a positive effect on company technological innovation capabilities (+). (2-1) MSS R&D financial support positively affects company product and service innovation capability (+). (2-2) KOSBIR R&D financial support positively affects company process innovation capability (+).





Hypothesis 3 (H3).

The technological innovation capability of a company mediates the impact of the government’s R&D financial support on management performance. (3-1) Product and service innovation capability mediates the impact of MSS R&D financial support on management performance. (3-2) Process innovation capability mediates the impact of KOSBIR R&D financial support on management performance.






3.2. Research Model and Hypothesis


The sample of the experimental analysis consisted of 105 small and medium-sized enterprises for whom financial performance and other data was available, from among KOSDAQ-listed companies which were included in the Korea Institute of Science and Technology Policy Research Study from 2012 to 2017, which is based on the variables included in previous research [52]. KOSDAQ (Korea Securities Dealers Automated Quotations) is a trading board of Korea Exchange (KRX) in South Korea established in 1996. It is operated as SME market division of KRX (Korea Exchange), As of 19 February 2017. In total, 1,029 companies are listed on KOSDAQ for trading. The data show the type of R&D financial and operational support the government provided to small and medium enterprises, including KOSBIR R&D support (provided by 14 central administrative agencies, including 7 government investment institutions) and the support provided by 21 government investment institutions of more than KRW 30 billion per year. In total, 28,075 of SME were supported by these government R&D funds. SME should submit a proper R&D planning proposal to be eligible to these funding plan which government announced. Government select the SMEs to be supported twice a year. The overall growth of the firm is usually measured by tangible/fixed assets or total assets and their growth. Activity and productivity authors usually operationalize by the indicators of assets turnover, labor productivity (value-added per labor cost) and total factor productivity (TFP). Profitability and rentability are usually measured by the indicators of sales (or turnover), value added or profit [53]. The important lesson that was taken from the previous studies is that the trend is now shifting towards using multiple indicators [54,55,56], instead of using one or two measures, providing a structured overview on the overall effect of the grants on firm financial performance and productivity [53]. Business outcome variables, which are dependent variables, included two indicators, revenue and employment growth. In addition, the parameter was established of dividing companies’ technological innovation capacity into product service innovation and process innovation. Process innovation focuses on the number of new or greatly improved production methods and logistics arrangements as variables. Finally, the control variable was selected, and was comprised of the age of the company (how long the company is sustained from the establishment) and company location (whether or not a company is located in a metropolitan area), (which reflects the real world conditions of the domestic business environment, in terms of differences in size, economic environment and competitiveness of companies). In this study, a “metropolitan area” denotes the Seoul and Gyeonggi areas, while other areas are non-metropolitan areas < Table 1 >.



Baron and Kenny (1986) proposed a three-step mediated effect analysis as a method of hypothesis verification, which our study adopts. Parametric effect analysis entails assessing the relationship between the independent variables and the dependent variables on the basis of the set parameter [57]. However, in order to execute a mediated effect analysis, the following conditions must be met. First, in the initial analytical step, there should be a significant effect on the regression between the independent variables and the dependent variables. In the second stage, there should be a statistically significant relationship between the independent variables and the parameter regression analysis. In the last three stages, independent variables and parameters should be assessed in tandem with dependent variables and regression analysis, and parameters should be proved to be statistically significant for dependent variables [57,58,59]. “Completely mediated” denotes the situation in which the independent variable has no significant effect on the dependent variable during the three-step analysis, and “partially mediated” denotes the situation in which the statistical significance of the result and the regression coefficient absolute value are reduced. In addition, the three-step mediated effect verification of the results employed a point estimation verification method, but to compensate for the limitations of this method, the verification method of Sobel (1982) [60], based on interval estimation, was used to secure the reliability of the research results [61,62].





4. Results and Findings


In our study, the technology statistics for the six years from 2012 to 2017 of 105 companies whose data are in the Korea Institute of Science and Technology Policy database (which includes a total of 1,473 SMEs) were analyzed, on the basis of data for 105 corporations. The results are shown in Table 2. When multiple regression analysis is applied, as was done in our study, it is generally possible for multiple coherence between variables to occur. In this case, it is determined whether there is a multi-coherent problem through the dispersion expansion index (VIF) value. This study’s multiple regression analysis showed that the variance expansion index (VIF) value was less than 10, and it was determined that the experimental analysis of the study was problem-free in this respect.



Step 1 in Table 3 displays the result of the testing of Hypothesis 1. The suggested model, which was used to explain the business performance increase through government R&D financial support, had an explanatory power (R2) of 0.61. The effects of MSS R&D financial support (MRD) and KOSBIR R&D financial support (KRD) were found to be significant in improving the business performance, in terms of increases in revenue and employment, of SMB companies in Korea at the 99.9% confidence interval. This result fully described Hypothesis 1, which explores that business performance will increase with both MSS and KOSBIR R&D financial support. From Step 2 of the three-step procedure suggested by Baron and Kenny (1996) in Table 3, MSS R&D financial support (MRD) and KOSBIR R&D financial support (KRD) had a significant influence on the product and service innovation index with a 99.9% confidence interval. The results in Step 3 illustrate the mediating effect of the level of company product and service index, which consequently mediated the relationship between the variables of government R&D financial support (MRD, KRD) and the improvement in business performance (REV, EMP) at the 99.5% confidence interval. More specifically, in relation to government R&D financial support, the mediating effect between MSS R&D financial support and revenue increases was significant at all stages over the 99.5% confidence interval. The unstandardized coefficient for MSS R&D support declined from 0.32 in Step 1 to 0.16 in Step 3, which shows that the product and service innovation index partially mediates the relationship between MSS R&D financial support (MRD) and revenue increases. In addition, the product and service innovation index partially mediates the relationship between MSS R&D financial support (MRD) and increases employment, as the unstandardized coefficient decreased from 1.14 in Step 1 to 0.73 in Step 3. The mediating effect between KOSBIR R&D financial support and revenue increases was significant at all three stages over the 99.5% confidence interval level. The mediating effect of the product and service innovation index between KOSBIR and increases in revenue and employment was also partial, as the unstandardized coefficient decreased from 2.42 to 0.98 and from 0.95 to 0.66, respectively.



From Step 2 in Table 4, both MSS and KOSBIR R&D financial support (MRD and KRD, respectively) had a significant influence on companies’ process innovation index at the 99.9% confidence interval. The results in Step 3 illustrate the mediating effect for the process innovation index level, which importantly mediated the relationship between the variables of government R&D financial support (MRD, KRD) and improvements in business performance (REV, EMP) at the 99.5% confidence interval. More specifically, in relation to government R&D financial support, the mediating effect between MSS R&D financial support and revenue increases was significant at all three stages above the 99.5% confidence interval. The unstandardized coefficient for MSS R&D support decreased from 0.18 in Step 1 to 0.09 in Step 3, which indicates that a company’s process innovation index partially mediates the relationship between MSS R&D financial support and revenue increases. In addition, companies’ process innovation index partially mediated the relationship between MSS R&D financial support and patent increases, as the unstandardized coefficient decreased from 1.14 in Step 1 to 0.85 in Step 3. The mediating effect between KOSBIR R&D financial support and revenue increases was significant at all three stages above the 99.5% confidence interval. The mediating effect of companies’ process innovation index between KOSBIR and increases in revenue and employment was also related to the partial mediation, as the unstandardized coefficient decreased from 4.31 to 2.18 and from 0.95 to 0.32, respectively.



A summary of the mediating effects of technological innovation, product and service innovation and process innovation are presented in Table 5. Product and service innovation partially mediated the relationship between MSS and KOSBIR financial support, and business performance improved in terms of revenue and increases employment. In addition, process innovation partially mediated the relationship between MSS and KOSBIR financial support and the business performance of the SMBs.



The result of the Sobel test is shown in Table 6, which shows that product and service innovation acted as a partial mediator between MSS R&D financial support (MRD) and revenue increases at the 99.5% confidence interval, and between KOSBIR R&D financial support (KRD) and revenue increases at the 99% confidence interval. In addition, product and service innovation had significant mediating effects on the relationship between MRD and KRD, and on increases employment, at the 99.5% confidence interval. Process innovation acted as a partial mediator between MSS and KOSBIR R&D financial support (MRD and KRD, respectively) and revenue increases at the 99% confidence interval. In addition, process innovation displayed significant mediating effects on the relationship between MRD and KRD, and on patent increases, at the 99.5% confidence interval.



The final hypothesis verification results are as follows. First, the two components of < hypothesis 1 >, (1-1), and (1-2), were both confirmed. In other words, government R&D financial support had a significant impact on management performance. In the case of < hypothesis 2 >, both elements, (2-1) and (2-2), were confirmed because the government’s R&D financial support (MSS R&D support, KOSBIR R&D support) had a significant effect on company technological innovation capabilities. In terms of < hypothesis 3 >, both elements, (3-1), and (3-2), were found to be significant.




5. Discussion


In the face of market dynamism that SMEs need to confront, financial stability for R&D and technological innovation are the key factors in their sustainability and competitiveness in a severe business situation. Thus, financial stability and technological innovation are the major challenges that need to be addressed by SMEs that tend to lack awareness of what factors they should develop and how they can improve them. In response, this research provides, from a qualitative comparative analysis perspective (i.e., Baron and Kenny), new insights into the understanding of the factors which enhance the business output of SMEs.



Although there are a variety of business activities, both financial support from government and technological innovation stand as cornerstones in the business process, two factors that along with a strong managerial system and the assets of the SMEs support the business performance improvement in SMEs. Our findings suggest that financial support from government are one of the most important sources of R&D activities of SMEs, and that these R&D activities is performed through the collaboration with the various external companies in developing new insights, ideas, and finally new product and service which can enhance the business performance of the SMEs. Government support literature regarding SMEs stresses the fact that SMEs prefer to collaborate with government in the first place [10]. Our findings suggest that SMEs should focus on developing the abilities to meet the requirements of government R&D funding. Furthermore, when support from government is absent, enhancing technological innovation capabilities are presented as core conditions. These factors are the key capabilities for business output, suggesting SMEs incorporate innovation and financial support from governments for business sustainability and competitiveness. These key capabilities are aimed to assure close cooperation between SMEs and governments, in order to innovate and survive. Therefore, a sensing government cooperation program needs to help SMEs to take advantage of competition, moving established SMEs from an unstable to a stable position of their business status.



Regarding the configurational implications of our research, this study proposed that SMEs can achieve business output through government funds (R&D funds for SMEs) and technological innovation (process and service innovation, process innovation). The results explored through Baron and Kenney analysis indicate that the combination of government R&D fund and technological innovation capabilities of SMEs accounted for the business output enhancement for SMEs.



Analyzing these results in detail, by examining core factors for enhancement of business performance, we detected that government support is a core condition the business enhancement of SMEs. Our findings add to previous research focused on measuring the business output of SMEs [53]. Results concerning technological innovation capabilities (i.e., product and service innovation, process innovation), revealed that it is a peripheral condition for SMEs to enhance their business output. Thus, from an SMEs perspective, being up to date with new technological developments and opportunities seems to be a factor that increases the central functions to enhance SME’s business output. We understand that this could be due to the enhancing impact that digital transformation may be having on SMEs. Furthermore, these results reinforce that combing with technological innovation generates value when it is exploited through government funds that creates opportunities to enhance the various R&D activities internally and externally that can create the values for SMEs.




6. Conclusions and Research Limitations


This research aims to contribute to the improvement of innovation strategies and of management performance by analyzing the mediating effects of SMEs’ technological innovation capabilities on the improvement of management performance. The performance of 102 Korean SMEs that receive government R&D financial support was analyzed in order to assess this mediating effect. This study found that the level of technological innovation of SMEs and their access to government R&D financial support had a positive effect on management performance, and that their technological innovation capabilities played a mediating role. It was also confirmed that the government’s R&D financial support was an important technical innovation capability indicator that directly affects management performance. The significance of this research result is as follows. First, while technological innovation at the corporate level is difficult to sustain on the part of SMEs due to limited resources, it can conversely contribute to improvements in management and in other areas by enhancing internal technology capability through fostering selective technological innovation. Second, by proposing various parameters of management and patent generation, this study proposed indicators for the assessment of government R&D financial support aimed at the establishment of technology innovation strategies for small and medium enterprises, and at the improvement of the business management performance of such companies in the future. In particular, the results of this study suggest that it is necessary for small and medium enterprises without the resources of large companies to make aggressive efforts to utilize government R&D financial support in order to achieve the optimal effect, in light of their level of technological innovation. However, some research limitations are evident in our study. In an era of rapid change, the level of technological innovation displayed by corporations that has been identified in previous research may not be suitable for some small and medium enterprises. This is because the appropriate method of measuring the level of technological innovation activity may vary depending on the size of a company and its technology level, and whether or not it operates in a high-tech sector of the economy. Therefore, additional research will require the development of tools for measuring the scale or level of technological innovation. Furthermore, future research activities could focus on investigating the causal relationships among the management output variables thorough statistical matching approach. Our study did not explore the counterfactual evaluation between the supported companies and not-supported companies from the government because of the data limitation for not-supported companies and also related power analysis. Further study should be considered for the counterfactual evaluation and the power analysis.
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Figure 1. Process of Technology Innovation and Business Performance. 
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Figure 2. Research Model. Note: Mediating effects of Technology innovation on product and service (TIPS) and process (TIPC). 
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Table 1. Key variables and data source.






Table 1. Key variables and data source.





	
Variables

	
Description

	
Source






	
Independent Variable: Government R&D Financial Support:




	
MSS R&D financial support (MRD)

	
Investment from Ministry of SMEs and Startups (MSS)

	
Ministry of SMEs and Startups 2012–2017




	
KOSBIR R&D financial support (KRD)

	
Investment from Korea Small Business Innovation Research Program (KOSBIR)

	
Korea Small Business Innovation Research Program 2012–2017




	
Dependent Variable: Business Performance:




	
Revenue (REV)

	
Sales growth rate (Absolute)

	
Dart (Financial Supervisory Service) 2013–2018




	
Employment (EMP)

	
Employment growth rate (Absolute)




	
Mediating variable: Technology Innovation Capability:




	
Product and service innovation (PSI)

	
New product or service developed (QTY)

	
Science and Technology Policy Institute (STEPI)




	
Process innovation (PRI)

	
New process developed (QTY)




	
Control Variable:




	
Location (C1)

	

	
Dart (Financial Supervisory Service)




	
Age (C2)

	








Note: Data Set; 2012–2017 for 5 years (independent variables), 2013–2018 for 5 years (dependent variables). MRD (’12 0.7B, ’17 1.1B), KRD (’12: USD 1.7B, ‘17: USD 2.2B), 17.4% of total size of government R&D Funding (’17).
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Table 2. Descriptive statistics for complete cases (n = 105).






Table 2. Descriptive statistics for complete cases (n = 105).





	
Category/Variables

	
Min.

	
Max.

	
Mean

	
S.D.

	
Skew.

	
Kurt.






	
Independent Variables

	
MSS R&D financial support

	
MRD

	
250.45

	
1152.20

	
384.60

	
85.95

	
1.45

	
0.83




	
KOSBIR R&D financial support

	
KRD

	
330.52

	
2632.23

	
421.24

	
253.62

	
0.57

	
0.78




	
Control Variables

	
Location

	
CI

	
0

	
1

	
0.4

	
0.28

	
0.71

	
−1.25




	
Age

	
C2

	
3

	
52

	
18

	
16.23

	
1.32

	
−0.62




	
Mediating Variables

	
Product/Service Innovation

	
PSI

	
3.00

	
52.00

	
23.07

	
12.35

	
1.05

	
0.78




	
Process Innovation

	
PRI

	
2.50

	
63.00

	
17.80

	
14.64

	
1.23

	
0.92




	
Dependent Variables.

	
Revenue

	
REV

	
−8.50

	
22.01

	
11.35

	
6.50

	
0.88

	
1.01




	
Employment

	
EMP

	
0.02

	
12.00

	
2.3

	
0.36

	
0.14

	
0.06
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Table 3. Factors affecting increase on business performance and mediating effect of product and service innovation (PSI).






Table 3. Factors affecting increase on business performance and mediating effect of product and service innovation (PSI).





	
Phase

	
Step 1

	
Step 2

	
Step 3




	
Variables

	
Revenue

	
Employment

	
Product/Service Innovation (PSI)

	
Revenue

	
Employment






	
Result

	
β

	
SE

	
t

	
β

	
SE

	
t

	
β

	
SE

	
t

	
β

	
SE

	
t

	
β

	
SE

	
t




	
MSS R&D financial support (MRD)

	
0.32

	
0.08

	
1.33

	
1.14

	
0.12

	
1.60

	
4.32

	
0.05

	
1.54

	
0.16

	
0.13

	
0.08

	
0.73

	
0.12

	
0.96




	
KOSBIR R&D financial support (KRD)

	
2.42

	
0.13

	
0.98

	
0.95

	
0.07

	
1.05

	
5.31

	
0.11

	
2.13

	
0.98

	
0.05

	
0.45

	
0.66

	
0.06

	
0.31




	
Product/Service Innovation (PSI)

	

	

	

	

	

	

	

	

	

	
0.03

	
0.08

	
1.47

	
0.03

	
0.04

	
0.65




	

	

	

	

	

	

	

	

	




	
R2

	
0.541

	
0.812

	
0.523

	
0.725

	
0.785




	
F-value

	
68.25

	
110.32

	
64.11

	
33.63

	
99.63
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Table 4. Factors affecting increase on business performance and mediating effect of PRI.
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Phase

	
Step 1

	
Step 2

	
Step 3




	
Variables

	
Revenue

	
Employment

	
Process Innovation (PRI)

	
Revenue

	
Employment






	
Result

	
β

	
SE

	
t

	
β

	
SE

	
t

	
β

	
SE

	
t

	
β

	
SE

	
t

	
β

	
SE

	
t




	
MSS R&D financial support (MRD)

	
0.32

	
0.08

	
1.33

	
1.14

	
0.12

	
1.60

	
61.89

	
1.03

	
1.02

	
0.09

	
1.06

	
1.64

	
0.85

	
0.98

	
1.05




	
KOSBIR R&D financial support (KRD)

	
2.42

	
0.13

	
0.98

	
0.95

	
0.07

	
1.05

	
41.02

	
0.85

	
2.05

	
2.18

	
1.22

	
1.33

	
0.32

	
1.66

	
0.45




	
Process Innovation (PSI)

	

	

	

	

	

	

	

	

	

	
0.08

	
1.00

	
1.87

	
0.17

	
0.05

	
0.86




	

	

	

	

	

	

	

	

	




	
R2

	
0.541

	
0.812

	
0.872

	
0.782

	
0.709




	
F-value

	
68.25

	
110.32

	
32.84

	
53.41

	
89.54
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Table 5. Summary of results for mediating effect analysis.
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Mediating Variables

	
Dependent Variables

	
Independent Variables




	
MRD

	
KRD






	
Product/Service Innovation

	
Revenue

	
Partial Mediation

	
Partial Mediation




	
Employment

	
Partial Mediation

	
Partial Mediation




	
Process Innovation

	
Revenue

	
Partial Mediation

	
Partial Mediation




	
Employment

	
Partial Mediation

	
Partial Mediation
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Table 6. Summary of Sobel test results.






Table 6. Summary of Sobel test results.





	
Category

	
S.D.

	
Z

	
Result




	
Mediating Variables

	
Dependent Variables

	
Path






	
Product and Service Innovation (PSI)

	
Revenue (REV)

	
MRD→PSI

PSI→REV

	
0.02

	
1.15 **

	
Accepted




	
KRD→PSI

PSI→REV

	
0.33

	
2.01 *

	
Accepted




	
Employment (EMP)

	
MRD→PSI

PSI→EMP

	
0.72

	
1.66 ***

	
Accepted




	
KRD→PSI

PSI→EMP

	
1.20

	
1.53 **

	
Accepted




	
Process Innovation (PRI)

	
Revenue (REV)

	
MRD→PRI

PRI→REV

	
0.63

	
1.84 *

	
Accepted




	
KRD→PRI

PRI→REV

	
0.25

	
0.79 *

	
Accepted




	
Employment (EMP)

	
MRD→PRI

PRI→EMP

	
0.96

	
2.03 **

	
Accepted




	
KRD→PRI

PRI→EMP

	
0.15

	
0.78 **

	
Accepted








* p < 0.1, ** p < 0.05, *** p < 0.01.
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