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Abstract

:

After the COVID-19 pandemic, the bio-industry is becoming increasingly important. Therefore, it is necessary to respond to the changed environment after COVID-19 by analyzing the bio-industry situation before the COVID-19 pandemic. In addition, Korean bio-industry is a very important industry for Korea’s economic growth, so huge investments are being made in the development of bio-companies. Therefore, it is necessary to analyze the effect of innovation capabilities on the performance of the Korean bio-industry. Korea’s bio-industry has been developing under the leadership of the government. Thus, Korea’s bio-companies need various forms of innovation to achieve sustainability through competitive advantage on their own. The objective of this research is to find the competitive advantage factors that improve the innovation ability of the Korean bio-industry. Therefore, the elements that increase a company’s innovation capability were studied in order to uncover competitive advantage factors that improve the Korean bio-industry’s innovation capability, and the effect on corporate performance was analyzed. Using samples from the ‘Korean Bio-industry Survey’, the current state of the Korean bio-industry was examined through a review of all bio-industry enterprises. In addition, each of the eight bio-industries was examined using Korea’s industrial classification system. As an analysis method, multiple regression analysis of SPSS 25 was performed to analyze how the six input factors have a complex effect on the output factor. This study discovered that R&D intensity, machine investment, and human resource characteristics all had an impact on the business performance of Korean biotech enterprises. In eight bio-sectors, elements affecting company success were defined differently. Therefore, through this study, Korean bio-companies must understand their own industrial characteristics, and develop factors that affect business performance through strategic operational management. In addition, based on the results of this study, companies should strengthen the innovation capabilities of the bio-industry to survive post-COVID-19, analyze changes in innovation capabilities, and promote sustainable growth by strengthening key innovation factors.
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1. Introduction


The bio-economy is a concept that has received a lot of attention over the past decade [1], and it is usually focused on the development of biotechnology [2]. According to the traditional definition, a bio-economy consists of all economic activities related to the development of renewable resources, biological products, and processes [3,4,5,6,7]. Recently, the bio-industry supporting the bio-economy is growing in importance worldwide due to the COVID-19 pandemic. The scope of the bio-industry is classified differently by country. Korea’s bio-industry is classified into bio-pharmaceutical industry, bio-chemical and bioenergy industry, bio-food industry, bio-environmental industry, bio-medical equipment industry, bio-instrument and bio-equipment industry, bio-sources industry, and bio-service industry based on the Korea bio-industry classification system (KS J 1009) [8]. Korea is developing the bio-industry centering on the bio-health industry [9], and the bio-health industry is classified into medical products, medical equipment, and medical services [8]. Compared to other industries, the bio-industry is characterized by relatively high technology, uncertain markets, long commercialization times, and high development costs [10]. In addition, bio-industry is a winner take all market. Therefore, bio-companies must eliminate uncertainty through strategic technology management, and achieve sustainability through innovation. Korea’s bio-industry has been developing under the leadership of the government [9]. Thus, Korea’s bio-companies need various forms of innovation to achieve sustainability through competitive advantage on their own because innovation is a factor in the success that increases an organization’s revenue and organizational excellence [11]. Internal capabilities for innovation provide a role in creating sustainable competitive advantage and improving performance [12], while external capabilities, such as collaboration, influence innovation by sharing different resources [13]. Therefore, companies must improve their innovation capabilities in order to innovate. Innovation capability is a comprehensive organizational characteristic that accelerates and drives innovation strategies and improves the company’s performance [14]. Innovation capability conducts an important role in improving performance and competitive advantages in both domestic and international markets [15]. Thus, several studies have been conducted on the various factors that influence innovation capacity [11,16,17]. As a result of these, innovation capability was considered a critical factor in creating competitive advantage and improving organizational performance in a changing environment [18,19,20]. Therefore, research on the innovation capability of the Korean bio-companies and the determinants of innovation capability is essential for innovation in the Korean bio-industry.



The aim of this study is to find the competitive advantage factors that improve the innovation ability of the Korean bio-industry. Therefore, we aimed to find factors that increase the innovation capability of a company through literature research, and to find out how these factors affect the company’s performance by applying these factors to the Korean bio-industry. As an analysis method, a multiple regression analysis of SPSS 25 was performed to analyze how the six input factors have a complex effect on the output factor. The contribution of this study is to establish competitive advantage factors in the Korean bio-industry, analyze the current status of the Korean bio-industry, and characterize each bio-business. In addition, we analyzed the situation of the Korean bio-industry before the COVID-19 pandemic to arrange the foundation for comparative research on the situation that has changed since COVID-19. Finally, it is intended to increase the efficiency of the development of the Korean bio-industry and promote the sustainable growth of Korean bio-companies post-COVID-19.




2. Innovation Capacity


Innovation capacity is a company’s ability to create added value by applying collective knowledge, skills, and resources to innovation activities related to a new product, process, service or management, marketing, or business organization system compared to its competitors [21]. Furthermore, innovation capacity is a factor that requires continuous improvement [22], and it is the potential or ability to produce innovation, including the availability of resources, collaborative structures, and problem-solving processes [23]. In other words, innovation capability is critical for improving a company’s performance.



In the literature study, the innovation capacity was seen as an important resource for higher performance. Weber and Heidenreich [24] demonstrated that cooperation with vertical and horizontal partners significantly improves innovation capabilities and firm success. Keskin [25] concluded that innovation capability significantly improves a firm’s performance. Thus, the ability to innovate leads organizations to continuously develop innovations to respond to changing market conditions [26]. Innovation capabilities include all strategies, systems, and structures that support organizational change [27]. Innovation capability can be divided into three major factors: knowledge, organization, and human factors [28]. Specifically, innovation capability is related to determinants that influence an organization’s ability to manage innovation [29], such as participatory leadership, external knowledge, ideation and organizational structure, environment, development, regeneration, and individual activities [30]. However, different types of organizations may utilize different determinants when developing innovation capability [31]. Furthermore, innovation capability depends on firm specific contextual factors, such as size, industry, financial resources, and workforce [29]. In other words, the ability to innovate varies from company to company and is determined by many factors [32]. Therefore, the following research questions are raised.



RQ1. 

What are the innovation capabilities that affect the performance of bio-companies?





RQ2. 

How does the innovation capability of existing industries affect the business performance of the Korean bio-industry?





In addition, some prior research has indicated that an organizational culture with values oriented towards openness, a collaborative atmosphere, and trust can be more innovative [33]. Taherparvar et al. [34] found that external knowledge has a positive impact on both innovation speed and innovation quality, as well as operational and financial performances. In addition, they found that by using external knowledge flows, firms will be aware of the external environment and new changes in customers’ needs and so will be more innovative and perform better. Saenz and Perez-Bouvier [35] found that facilitating interactions with external agents had a positive and significant impact on both innovation network formation and operational performance; it turns out that these influences are much stronger when it comes to ensuring the smooth operation of the network than when facilitating the formation of the network. Collaborative culture and knowledge sharing have been identified as two potential factors that have a significant impact on innovation capacity and are recognized as sources of successful innovation [36,37]. Thus, open collaboration activities have become a key innovation strategy for most companies [38]. These open innovation strategies increase the possibility of knowledge complementation and can lead to productivity improvements and high-quality innovation [39,40]. Furthermore, it has been shown that increasing the level of relationships and collaboration improves existing processes and new product development capabilities [41]. However, bio-markets tend to close because they are traditionally a winner take all market. Therefore, the following research questions are raised.



RQ3. 

Does collaboration have a positive effect on the performance of Korean bio-companies?





RQ4. 

Does collaboration have a positive impact on all bio-industries?






3. Determinants of Innovation Capability


Companies continue to adopt innovation to keep pace with globalization, emphasizing the key role of innovation capabilities [42]. Innovation-oriented companies have better opportunities to succeed financially [43], and organizational innovations not only prepare a suitable environment for the other innovation types but also have a strong and direct impact on innovative performance [44]. An organization’s innovation capability has been seen as an important means of achieving a company’s competitive advantage and sustainable success [45,46]. Therefore, innovation capability has become a major research topic for researchers recently [47]. Innovation capability can be broadly divided into external and internal organizational factors. External perspective relates to aspects that can be adjusted in response to events outside the company, while internal perspective refers to factors that are the result of internal company activities, such as process and organizational innovation performance [48]. However, the conceptualization of innovation capability is very complex. Therefore, some researchers have called for measuring innovation capability as a multidimensional construct that reflects the overall firm’s innovation capability [47]. Chang et al. [49] focused on product, market, strategy, and process. Jones and de Zubielqui [50] focused on product, marketing, process, and organizations. Kafetzopoulos and Psomas [51] identified products, marketing, processes, and organizations as four dimensions.



Several studies for the main factor of innovation capability have approached the input and output perspective as the main measure of innovation capacity [52,53,54,55,56,57,58,59,60,61,62]. The main factors of input are R&D intensity, R&D spending, spending on new products, investment in machinery and external knowledge, and training costs and R&D manpower [52,53,54,55,56,57,58,59]. Technological intensity is defined as the level of knowledge incorporated in companies’ products in every industrial sector; this indicator is typically measured by dividing the average R&D spending by the firm’s revenue [63]. In addition, the main factors of output were classified into sales, labor productivity, the share of new products, patent applications, number of patents, etc. [52,60,61,62]. To investigate the relationship more clearly, we proposed following hypotheses.



H1. 

From an investment point of view, R&D intensity and machinery investment have a positive effect on corporate performance and sales.





H2. 

From a resource point of view, human resources and collaboration have a positive impact on corporate performance and sales.





H3. 

The innovation capabilities of external cooperation and non-cooperation companies are defined by different competitive advantage factors.





H4. 

The innovation capabilities of bio-companies according to the bio-industry classification are defined by different competitive advantage factors.





Based on the research hypotheses, the research model shown in Figure 1 was constructed.




4. Sample & Methods


4.1. Sample


In this study, in order to examine the major activities and performances of Korean bio-companies, the results of the ‘Korea Bio-industry Survey’ conducted by ‘The Korea Ministry of Trade, Industry & Energy’ and ‘Korea Bio Association’ from 2018 to 2020 were set as the objects of study. The survey year is from 2016 to 2018. The purpose of the ‘Bio-industry Survey’ is to prepare a plan for the development of the Korean bio-industry by identifying the current status of the Korean bio-industry and analyzing the actual conditions [64]. This survey was conducted by targeting bio-companies nationwide through a structured questionnaire, and survey methods were conducted via mail, fax, e-mail, telephone, and face-to-face interview by researchers [64]. The survey includes company information, income statement items, manpower status, major industries, investment costs, partnerships, etc. In addition, it was classified eight bio-industries based on the Korean bio-industry classification system (KS J 1009) [8]. During the research period, the ‘Bio-industry Survey’ conducted a survey of approximately 3000 companies engaged in bio-related activities in Korea based on the domestic bio-industry classification system. Companies surveyed included public enterprises, public-private partnerships, and private enterprises [59]. Thus, the ‘Bio-industry Survey’ conducted by administrative agencies provides reliable and appropriate data for empirical research at the corporate level. Through the ‘Bio-industry Survey’, 1973 company data was collected from a total of more than 3000 companies; 1293 companies were finally confirmed, excluding companies with missing values from the survey results. Additionally, in a total of 1293 bio-companies, external cooperation and non-cooperation companies were classified. There are 621 companies with external cooperation and 672 companies without external cooperation. Furthermore, 1293 bio-companies were classified based on the eight major Korean bio-industry classifications into bio-pharmaceutical industry (328 companies), bio-chemical and bio-energy industry (261), bio-food industry (264), bio-environmental industry (89), bio-medical equipment industry (138), bio-instrument and bio-equipment industry (60), bio-sources industry (27), and bio-service industry (126).




4.2. Research Design


The aim of this study is to find the competitive advantage factors that improve the innovation ability of the Korean bio-industry. Through a literature review, six major factors of innovation capability (R&D intensity, facility investment, R&D personnel, production personnel, sales and management personnel, and external cooperation) were input factors, and sales were set as the output.



The reason for devising this research design as that shown in Figure 2 is to investigate the effect of major factors of innovation capability derived from the literature review on the sales of bio-companies. In addition, it is for understanding the current status of the Korean bio-industry through an analysis of all bio-industry companies. Finally, by analyzing each of the eight bio-industry companies, the major factors affecting each bio-industry were identified.




4.3. Methodology


Prior to the main analysis, it is necessary to analyze the trend in the concentration of the collected data and the status of the domestic bio-industry. Additionally, it is necessary to analyze whether the variables are properly selected according to the correlation between the variables. Therefore, descriptive statistics and correlation analyses were performed. Innovation capability may not be a unitary set of attributes, and the attributes do not operate independently of each other but are interrelated [65]. Therefore, multiple regression analysis was performed for the main analysis of this study. Multiple regression analysis can identify major independent variables related to the dependent variable. In addition, in a situation where the influence of other variables is controlled, the degree of influence of an individual independent variable on the dependent variable can be identified. Therefore, this study, in order to analyze how the six input factors have a complex effect on the output factor, was performed through a multiple regression analysis of SPSS 25. The detailed analysis procedure is as follows.



First, 1293 companies were finally confirmed, excluding companies with missing values, from the survey results.



Second, in a total of 1293 bio-companies, external cooperation and non-cooperation companies were classified as 621 companies with external cooperation and 672 companies without external cooperation. Then, multiple regression analysis was performed by setting 6 factors derived from the literature review as independent variables and sales as the dependent variable.



Third, a total of 1293 bio-companies were classified based on the eight major Korean bio-industry classifications (bio-pharmaceutical industry, bio-chemical and bio-energy industry, bio-food industry, bio-environmental industry, bio-medical equipment industry, bio-instrument and bio-equipment industry, bio-sources industry, and bio-service industry). Multiple regression analysis was performed for each of the eight major bio-industries.



Fourth, according to Korea’s bio-industry classification system, a total of 1293 bio-companies were classified based on the eight major bio-industries; multiple regression analysis was performed for each of the eight major bio-industries.





5. Result


5.1. Descriptive Statistics and Correlation


Table 1 shows the descriptive statistics of the seven variables used in this study. As a result of analyzing the current status of the Korean bio-industry through descriptive statistics, it was found that there is a very large deviation in R&D, investment, human resources, collaboration, and sales factors. These results indicate that the deviation between SMEs and large enterprises is very large, and it can be seen that the innovation capacity of the Korean bio-industry is mainly led by large enterprises. Table 2 shows the correlation between the variables. Sales, a variable related to a company’s performance, has a significant correlation with facility investment cost, R&D personnel, production personnel, and sales management personnel, but no statistical significance with R&D intensity and external cooperation. However, R&D intensity has a significant positive correlation with R&D personnel, and external cooperation has a significant positive correlation with facility investment cost, R&D personnel, production personnel, and sales and management personnel.




5.2. Entire Bio-Companies Analysis Results


Table 3 shows the results of analyzing how independent variables affect corporate performance in all bio-companies through multiple regression analysis. As a result of the analysis, it was found that R&D intensity and facility investment cost had a negative effect on corporate performance. These results show that Korean bio-companies are still investing a lot compared to their performance. In addition, R&D personnel, production personnel, and sales and management personnel have a positive impact on corporate performance. However, no significant results were obtained in external cooperation.




5.3. External Cooperation and Non-Cooperation Companies Analysis Results


Table 4 shows the analysis results of companies that are performing as an external cooperation through multiple regression analysis. In addition, external cooperation was analyzed in detail as joint ventures, joint R&D, technical alliances, and technical personnel exchanges. As a result of the analysis, it was found that R&D intensity and facility investment had a negative effect on corporate performance as in the analysis of all bio-companies. Furthermore, R&D personnel and production personnel had a positive effect on corporate performance. However, no significant results were obtained in sales and management personnel and external cooperation (joint venture, joint R&D, technical alliance, and technical personnel exchanges).



Table 5 shows the analysis results of non-cooperation companies through multiple regression analysis. As a result of the analysis, it was found that facility investment cost and sales and management personnel of non-cooperation companies had a positive effect on corporate performance. Furthermore, R&D personnel was found to have a negative effect on corporate performance. However, no significant results were obtained in R&D intensity and production personnel.



As a result of the analysis of external cooperation and non-cooperation bio-companies, it was found that R&D intensity, facility investment cost, R&D personnel, and production personnel affect the performance of external cooperation companies, and facility investment cost, R&D personnel, and sales and management personnel were found to affect the performance of non-cooperation companies. These results show that the factors affecting the management performance of external cooperation and non-cooperation companies are different.




5.4. Analysis Result of the Bio-Industry Classification


The major factors affecting the corporate performance of eight major industries according to the Korea Bio-industry Classification were analyzed. Table 6 shows the analysis results of the bio-pharmaceutical industry through multiple regression analysis. R&D personnel, production personnel, and sales and management personnel were found to have a positive effect on corporate performance. In addition, external cooperation was found to have a negative effect on corporate performance.



Table 7 shows the analysis results of the bio-chemical and bio-energy industry through multiple regression analysis. R&D intensity was found to have a negative effect on corporate performance, and facility investment cost and sales and management personnel were found to have a positive effect on corporate performance.



Table 8 shows the analysis results of the bio-food industry through multiple regression analysis. Facility investment cost and external cooperation were found to have a negative effect on corporate performance, and R&D personnel was found to have a positive effect on corporate performance.



Table 9 shows the analysis results of the bio-environmental industry through multiple regression analysis. R&D personnel was found to have a positive effect on corporate performance, and production personnel was found to have a negative effect on corporate performance.



Table 10 shows the analysis results of the bio-medical equipment through multiple regression analysis. Production personnel and sales and management personnel were found to have a positive effect on corporate performance, and external cooperation was found to have a negative impact on corporate performance.



Table 11 shows the analysis results of the bio-instrument and bio-equipment industry through multiple regression analysis. R&D intensity was found to have a negative effect on corporate performance, and it was found that sales and management personnel had a positive effect on corporate performance.



Table 12 shows the analysis results of the bio-sources industry through multiple regression analysis. R&D intensity was found to have a negative effect on corporate performance, and facility investment cost, R&D personnel, and sales and management personnel were found to have a positive effect on corporate performance.



Table 13 shows the analysis results of the bio-service industry through multiple regression analysis. Facility investment cost was found to have a negative effect on corporate performance, and R&D personnel, production personnel, and sales and management personnel were found to have a positive effect on corporate performance.



Factors affecting corporate performance were defined differently in eight bio-industries. Among these major factors, R&D intensity, facility investment cost, and external cooperation were found to have a negative impact on each bio-industry. When analyzing these causes, it can be said that the R&D intensity and facility investment cost factors were measured to be low compared to the investment because the government is continuously investing in the bio-industry in Korea. Additionally, although the Korean bio-industry is conducting external cooperation activities through joint ventures, joint R&D, technical alliance, and technical personnel exchanges, it can be said that it has not yet achieved results in external cooperation companies. Thus, it can be said that the Korean bio-industry is still in a period of growth. Therefore, it is necessary to make an effort to enter the maturity stage.





6. Discussion


The aim of this study is to find the competitive advantage factors that improve the innovation capability of the Korean bio-industry, and to research the current status and implications of the development of the Korean bio-industry. Accordingly, multiple regression analysis was conducted based on the results of the ‘Korea Bio-industry Survey’ from 2018 to 2020 to confirm the innovation capability of the Korean bio-industry. A total of 1293 bio-companies were classified into external and non-cooperative companies, and multiple regression analysis was performed by setting six factors derived from literature review as independent variables and sales as the dependent variable. In addition, multiple regression analysis was performed for each of the eight major bio-industries.



As a result of the analysis, it was found that R&D intensity, machine investment, and human resources factors affect the business performance of Korean bio-companies. Among these factors, R&D intensity and facility investment cost factors were found to have a negative effect on corporate performance. Thus, R&D intensity, machine investment, and human resource factors were derived as the result of RQ1 for innovation capabilities that affect the performance of Korean bio-companies. In previous studies, R&D intensity was recognized as one of the main factors of innovation capability [52,53,54,55,56,57,58], but in this study, it was found to be a factor that had a negative effect on business performance. Therefore, H1 was not supported. Human resources have been recognized as one of the important innovation factors [59,66,67,68]; in this study, R&D personnel, production personnel, and sales and management personnel were found to have a positive effect on business performance. Thus, H2 was supported. Therefore, as an answer to RQ2, it was concluded that the innovation capability of the Korean bio-industry is affecting business performance with different characteristics from existing industries.



In order to analyze the differences between external cooperation and non-cooperation companies, they were classified and analyzed. External cooperation did not show any significant results in the overall analysis of bio-companies in this study. On the other hand, previous studies have found that external cooperation has a positive effect on corporate performance [34,35,36,37,41], and it is a critical factor in innovation activities [25,54,69]. However, external cooperation did not show any significant results in the overall analysis of bio-companies in this study. Therefore, in response to RQ3 and RQ4, it was concluded that collaboration does not affect the business performance of domestic bio-companies. These results are determined to be due to the inclusion of data investigated after the outbreak of COVID-19 among the analyzed data. Therefore, if all investigations had been conducted before COVID-19, the element of ‘external collaboration’ could have been positively derived, as in previous studies. On the other hand, innovation capabilities that affect the performance of external cooperation companies were defined ‘R&D intensity’, ‘facility investment cost’, ‘R&D personnel’, and ‘production personnel’. Non-cooperation companies were defined ‘facility investment cost’, ‘R&D personnel’, and ‘sales and management personnel’. As a result of the analysis according to the classification of the Korean bio-industry, the innovation capacity that affects the performance of a company was defined differently by industry. Therefore, H3 and H4 were supported.



In order to find out the characteristics of each bio-industry in Korea, the analysis was conducted according to the classification of the Korean bio-industry.



First, in the bio-pharmaceutical industry, external cooperation and human resources were found to have a significant influence on corporate performance. Pharmaceutical companies typically use cooperation strategies to achieve many outcomes quickly and at low cost [70]. However, external cooperation was analyzed to have a negative effect on corporate performance in the bio-pharmaceutical industry in Korea. Additionally, in the bio-medical equipment industry, production personnel, sales and management personnel, and external cooperation were found to be the main factors affecting corporate performance. However, external cooperation factors in the medical device industry were also analyzed negatively.



Second, in the bio-chemical and bio-energy industry, R&D intensity, facility investment cost, and sales and management personnel were found to be major factors affecting corporate performance. In the bio-sources industry, R&D intensity, facility investment cost, R&D personnel, and sales and management personnel were found to be major factors affecting corporate performance. In the bio-instrument and bio-equipment industry, R&D intensity and sales and management personnel were found to be major factors affecting corporate performance. In these three bio-industries, human resource factors were found to be positive factors, but the R&D intensity was analyzed negatively on corporate performance.



Third, facility investment cost, external cooperation, and R&D personnel in the bio-food industry were analyzed as major factors affecting corporate performance. In the bio-service industry, Facility investment cost and Human resources factors were analyzed as major factors affecting corporate performance. However, in the bio-food industry, facility investment cost and external cooperation factors were found to have a negative impact on corporate performance, and in the bio-service industry, facility investment cost was found to be a negative factor on corporate performance.



Fourth, in the bio-environmental Industry, R&D personnel and production personnel were analyzed as major factors affecting corporate performance. However, production personnel was found to have a negative impact on corporate performance.



Table 14 shows the major factors influencing the business performance of bio-industries. Through these results, it is possible to identify the factors that affect the performance of companies in the Korean bio-industry.




7. Conclusions


The purpose of this study is to find the competitive advantage factors that improve the innovation capability of the Korean bio-industry. Therefore, we analyzed how the major factors that enhance innovation capabilities affect the performance of Korean bio-industry companies.



Through the analysis results, R&D intensity, machine investment, and human resources factors were derived as competitive advantage factors that can improve the innovation capabilities of Korean bio-companies. However, factors affecting innovation capacity by bio-industry were defined differently.



In the bio-pharmaceutical industry, all human resource factors were analyzed as a positive factor for corporate performance, but the external cooperation factor was analyzed as a negative factor. In the bio-medical equipment industry, production and sales and management personnel of human resource factors were analyzed as a positive factor for corporate performance, but the external cooperation factor was analyzed as a negative factor. It is analyzed that the reason for these results is that external cooperation activities are being carried out, but no results have been obtained. Therefore, the Korean bio-pharmaceutical industry and bio-medical device industry companies must develop sustainable human resource factors, and achieve results through analysis and utilization of innovative strategies that can increase the efficiency of external cooperation.



In the bio-chemical and bio-energy industry, R&D intensity factor was analyzed as negative factor for corporate performance, and facility investment cost and sales and management personnel factors were analyzed as a positive factor. In the bio-sources industry, the R&D intensity factor was analyzed as negative factor for corporate performance, and R&D personnel, sales and management personnel, and facility investment cost factors were analyzed as positive factors. In the bio-instrument and bio-equipment industry, the R&D intensity factor was analyzed as negative factor for corporate performance, and the sales and management personnel factor was analyzed as a positive factor. The result of R&D intensity as a negative factor can be attributed to the high R&D investment but low performance. Therefore, companies in the bio-chemical and bio-energy industry, bi-sources industry, and bio-instrument and bio-equipment industry should develop sustainable human resource factors and focus on activities that can increase ROI (Return On Investment) in R&D. In the bio-chemical and bio-energy industry and the bio-sources industry it is also necessary to manage the elements of the facility.



In the bio-food industry, facility investment cost, and external cooperation factors were analyzed as negative factor for corporate performance, and R&D personnel was analyzed as a positive factor. In the bio-service industry, facility investment cost factor was analyzed as negative factor for corporate performance, and all human resource factors were analyzed as a positive factor. These results showed that the bio-food industry and bio-service industry companies are investing in a lot in facilities, but performance and efficiency are low. Therefore, the bio-food industry and bio-service industry companies need the sustainable development of human resources, and activities to increase machine utilization and efficiency. Furthermore, companies in the bio-food industry need a strategy to increase the performance of external cooperation companies. In the bio-environmental industry, production personnel factor was analyzed as a negative factor for corporate performance, and R&D personnel was analyzed as a positive factor. These results can be said that companies in the bio-environmental industry have low utilization of production personnel. Therefore, companies in the bio-environmental industry need innovation through efforts to increase the utilization of human resources.



A comprehensive analysis of the results showed that the Korean bio-industry is currently in a period of growth in which external cooperation and non-cooperation companies are making huge investments in external cooperation companies. Therefore, in order for the bio-sector to mature, Korean bio-enterprises must innovate with a strategic approach that can boost the efficiency of internal and external investments. Additionally, it is very necessary for Korean bio-companies to develop sustainable human resource factors, maximize R&D investment efficiency, and establish and promote innovative strategies that can produce results through various external cooperation companies, such as open innovation.



This study contributes the following. First, factors of competitive advantage that increase the innovation capacity of the Korean bio-industry were established. Second, the present status and implications of the development of the Korean bio-industry are presented. Third, the characteristics of each bio-industry according to Korea’s industrial classification were identified, and the current status and implications of each bio-industry were presented. Fourth, by analyzing the situation of the Korean bio-industry before the COVID-19 pandemic, the foundation for comparative research on the changed environment after COVID-19 was established. On the other hand, this research has the following limitations. This study analyzed data from pre-COVID-19 surveys. Therefore, a comparative study with data after COVID-19 is needed. In addition, there is a limit to explaining all bio-industries with six independent variables and one dependent variable. Therefore, it is necessary to conduct additional multifaceted studies by expanding variables in the future.
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Figure 1. Research Model. 
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Figure 2. Bio-industry analysis procedure. 
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Table 1. Descriptive statistics.






Table 1. Descriptive statistics.





	
Variable

	
Mean

	
Min

	
Max

	
SD






	
Input

	
R&D

	
R&D intensity

	
6.78

	
0

	
1293

	
60.64




	
Investment

in machinery

	
Facility investment cost

	
1629.17

	
0

	
272,700

	
11,430




	
Human

resources

	
R&D personnel

Production personnel

Sales and management personnel

	
21.26

26.45

25.23

	
0

0

0

	
481

1789

866

	
49.48

100.03

70.52




	
Collaboration

	
External cooperation

	
0.48

	
0

	
1

	
0.5




	
Output

	

	
sales

	
22,814.84

	
1

	
1,818,600

	
110,928
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Table 2. Pearson correlation matrix.






Table 2. Pearson correlation matrix.















	
	R&D

Intensity
	Facility

Investment Cost
	R&D

Personnel
	Production Personnel
	Sales and

Management

Personnel
	External

Cooperation
	Sales





	R&D intensity
	1
	
	
	
	
	
	



	Facility investment cost
	0.011
	1
	
	
	
	
	



	R&D personnel
	0.222 **
	0.304 **
	1
	
	
	
	



	Production personnel
	−0.026
	0.735 **
	0.380 **
	1
	
	
	



	Sales and management personnel
	−0.028
	0.306 **
	0.529 **
	0.513 **
	1
	
	



	External cooperation
	0.001
	0.076 **
	0.150 **
	0.088 **
	0.099 **
	1
	



	sales
	−0.022
	0.256 **
	0.413 **
	0.410 **
	0.378 **
	0.043
	1







p-value: ** < 0.01.
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Table 3. Entire bio-companies analysis.






Table 3. Entire bio-companies analysis.





	

	
β

	
t

	
p-Value

	
VIF






	
R&D intensity

	
−0.075

	
−3.017

	
0.003 **

	
1.090




	
Facility investment cost

	
−0.096

	
−2.685

	
0.007 **

	
2.230




	
R&D personnel

	
0.295

	
9.817

	
0.000 **

	
1.579




	
Production personnel

	
0.325

	
8.237

	
0.000 **

	
2.724




	
Sales and management personnel

	
0.085

	
2.722

	
0.007 **

	
1.720




	
External cooperation

	
−0.031

	
−1.298

	
0.195

	
1.025




	
R = 0.513, R2 = 0.263, Adj-R2 = 0.260

F = 76.664 **, Durbin-Watson = 1.268, N = 1293








p-value: ** < 0.01.
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Table 4. External cooperation companies analysis.






Table 4. External cooperation companies analysis.





	

	
β

	
t

	
p-Value

	
VIF






	
R&D intensity

	
−0.211

	
−0.529

	
0.000 **

	
1.422




	
Facility investment cost

	
−0.118

	
−2.292

	
0.022 *

	
2.388




	
R&D personnel

	
0.449

	
9.799

	
0.000 **

	
1.883




	
Production personnel

	
0.333

	
5.621

	
0.000 **

	
3.142




	
Sales and management personnel

	
0.007

	
0.174

	
0.862

	
1.665




	
External cooperation

	

	

	

	




	
Joint venture

	
−0.059

	
−1.580

	
0.115

	
1.233




	
Joint R&D

	
−0.003

	
−0.084

	
0.933

	
1.550




	
Technical alliance

	
−0.039

	
−1.013

	
0.311

	
1.336




	
Technical personnel exchanges

	
−0.033

	
−0.922

	
0.357

	
1.119




	
R = 0.565, R2 = 0.319, Adj-R2 = 0.309

F = 31.852 **, Durbin-Watson = 1.529, N = 621








p-value: ** < 0.01, * < 0.05.
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Table 5. Non-cooperation analysis.






Table 5. Non-cooperation analysis.





	

	
β

	
t

	
p-Value

	
VIF






	
R&D intensity

	
−0.011

	
−0.343

	
0.731

	
1.001




	
Facility investment cost

	
0.144

	
2.680

	
0.008 **

	
2.636




	
R&D personnel

	
−0.105

	
−2.052

	
0.041 *

	
2.389




	
Production personnel

	
0.097

	
1.761

	
0.079

	
2.726




	
Sales and management personnel

	
0.443

	
8.384

	
0.000 **

	
2.531




	
R = 0.515, R2 = 0.266, Adj-R2 = 0.260

F = 48.176 **, Durbin-Watson = 1.032, N = 672








p-value: ** < 0.01, * < 0.05.
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Table 6. Bio-pharmaceutical industry.






Table 6. Bio-pharmaceutical industry.





	

	
β

	
t

	
p-Value

	
VIF






	
R&D intensity

	
−0.013

	
−0.323

	
0.747

	
1.012




	
Facility investment cost

	
0.054

	
1.179

	
0.239

	
1.377




	
R&D personnel

	
0.167

	
2.848

	
0.005 **

	
2.230




	
Production personnel

	
0.410

	
6.408

	
0.000 **

	
2.648




	
Sales and management personnel

	
0.180

	
2.901

	
0.004 **

	
2.504




	
External cooperation

	
−0.104

	
−2.620

	
0.009 **

	
1.025




	
R = 0.710, R2 = 0.504, Adj-R2 = 0.495

F = 54.452 **, Durbin-Watson = 1.381, N = 328








p-value: ** < 0.01.
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Table 7. Bio-chemical and bio-energy industry.






Table 7. Bio-chemical and bio-energy industry.





	

	
β

	
t

	
p-Value

	
VIF






	
R&D intensity

	
−0.347

	
−2.387

	
0.018 *

	
8.089




	
Facility investment cost

	
0.443

	
7.407

	
0.000 **

	
1.372




	
R&D personnel

	
0.134

	
0.881

	
0.379

	
8.854




	
Production personnel

	
−0.045

	
−0.565

	
0.573

	
2.435




	
Sales and management personnel

	
0.417

	
5.868

	
0.000 **

	
1.939




	
External cooperation

	
−0.128

	
−2.448

	
0.015

	
1.053




	
R = 0.582, R2 = 0.338, Adj-R2 = 0.323

F = 21.640 **, Durbin-Watson = 1.684, N = 261








p-value: ** < 0.01, * < 0.05.
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Table 8. Bio-food Industry.






Table 8. Bio-food Industry.





	

	
β

	
t

	
p-Value

	
VIF






	
R&D intensity

	
−0.019

	
−0.673

	
0.502

	
1.009




	
Facility investment cost

	
−0.115

	
−3.909

	
0.000 **

	
1.129




	
R&D personnel

	
0.951

	
30.125

	
0.000 **

	
1.301




	
Production personnel

	
−0.076

	
−2.115

	
0.035

	
1.685




	
Sales and management personnel

	
−0.019

	
−0.611

	
0.542

	
1.277




	
External cooperation

	
−0.077

	
−2.690

	
0.008 **

	
1.077




	
R = 0.896, R2 = 0.803, Adj-R2 = 0.798

F = 174.652 **, Durbin-Watson = 1.638, N = 264








p-value: ** < 0.01.
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Table 9. Bio-environmental Industry.
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β

	
t

	
p-Value

	
VIF






	
R&D intensity

	
−0.109

	
−1.125

	
0.264

	
1.153




	
Facility investment cost

	
−0.129

	
−1.409

	
0.163

	
1.031




	
R&D personnel

	
0.655

	
5.577

	
0.000 **

	
1.689




	
Production personnel

	
−0.354

	
−2.863

	
0.005 **

	
1.874




	
Sales and management personnel

	
0.69

	
0.745

	
0.459

	
1.056




	
External cooperation

	
0.62

	
0.653

	
0.516

	
1.116




	
R = 0.574, R2 = 0.329, Adj-R2 = 0.280

F = 6.716 **, Durbin-Watson = 1.494, N = 89








p-value: ** < 0.01.
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Table 10. Bio-medical equipment industry.






Table 10. Bio-medical equipment industry.





	

	
β

	
t

	
p-Value

	
VIF






	
R&D intensity

	
−0.031

	
−0.724

	
0.470

	
1.023




	
Facility investment cost

	
−0.088

	
−1.104

	
0.272

	
3.546




	
R&D personnel

	
−0.018

	
−0.240

	
0.811

	
3.015




	
Production personnel

	
0.654

	
6.795

	
0.000 **

	
5.189




	
Sales and management personnel

	
0.367

	
4.376

	
0.000 **

	
3.934




	
External cooperation

	
−0.105

	
−2.465

	
0.015 *

	
1.027




	
R = 0.875, R2 = 0.766, Adj-R2 = 0.756

F = 71.598 **, Durbin-Watson = 1.698, N = 138








p-value: ** < 0.01, * < 0.05.
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Table 11. Bio-instrument and bio-equipment industry.
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β

	
t

	
p-Value

	
VIF






	
R&D intensity

	
−0.243

	
−2.550

	
0.014 *

	
1.123




	
Facility investment cost

	
0.185

	
1.236

	
0.222

	
2.757




	
R&D personnel

	
0.286

	
1.661

	
0.103

	
3.644




	
Production personnel

	
−0.173

	
−1.274

	
0.208

	
2.264




	
Sales and management personnel

	
0.593

	
3.918

	
0.000 **

	
2.820




	
External cooperation

	
−0.040

	
−0.402

	
0.689

	
1.193




	
R = 0.755, R2 = 0.570, Adj-R2 = 0.521

F = 11.690 **, Durbin-Watson = 1.210, N = 60








p-value: ** < 0.01, * < 0.05.
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Table 12. Bio-sources industry.






Table 12. Bio-sources industry.





	

	
β

	
t

	
p-Value

	
VIF






	
R&D intensity

	
−0.138

	
−3.363

	
0.003 **

	
1.316




	
Facility investment cost

	
0.558

	
9.205

	
0.000 **

	
2.874




	
R&D personnel

	
0.151

	
2.943

	
0.008 **

	
2.607




	
Production personnel

	
0.070

	
1.606

	
0.124

	
1.492




	
Sales and management personnel

	
0.328

	
5.617

	
0.000 **

	
2.664




	
External cooperation

	
−0.023

	
−0.524

	
0.606

	
1.466




	
R = 0.987, R2 = 0.974, Adj-R2 = 0.967

F = 126.963 **, Durbin-Watson = 1.300, N = 27








p-value: ** < 0.01.
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Table 13. Bio-service industry.






Table 13. Bio-service industry.





	

	
β

	
t

	
p-Value

	
VIF






	
R&D intensity

	
0.007

	
0.427

	
0.670

	
1.021




	
Facility investment cost

	
−0.185

	
−5.199

	
0.000 **

	
4.976




	
R&D personnel

	
0.116

	
6.124

	
0.000 **

	
1.412




	
Production personnel

	
1.036

	
28.722

	
0.000 **

	
5.105




	
Sales and management personnel

	
0.135

	
6.201

	
0.000 **

	
1.852




	
External cooperation

	
0.024

	
1.484

	
0.141

	
1.058




	
R = 0.985, R2 = 0.970, Adj-R2 = 0.968

F = 633.851 **, Durbin-Watson = 1.895, N = 126








p-value: ** < 0.01.
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Table 14. Major factors of bio-industries.
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	Industry Classification
	Main Factors





	Bio-pharmaceutical industry
	R&D personnel

Production personnel

Sales and management personnel

External cooperation



	Bio-chemical and bio-energy industry
	R&D intensity

Facility investment cost

Sales and management personnel



	Bio-food industry
	Facility investment cost

R&D personnel

External cooperation



	Bio-environmental industry
	R&D personnel

Production personnel



	Bio-medical equipment industry
	Production personnel

Sales and management personnel

External cooperation



	Bio-instrument and
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