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Abstract

:

There is still a significant gap between most high-tech fields in China and developed countries, and the relationship between the economic resilience of innovation systems and the innovation capability of the high-tech industry has received attention. Using data from 30 provinces in China, this study adopts the fuzzy-set qualitative comparative analysis approach to analyze the relationship between economic resilience and high-tech industry innovation capability, and the findings are as follows: (1) Technological talents and economic development are necessary conditions for explaining the high innovation capability of high-tech industries. (2) The combination of economic resilience and different factors constitutes the equivalent configuration of two high innovation capabilities and four low innovation capabilities. (3) Under high-intensity technological competition between governments, the increased agglomeration of technological talents, and high-quality economic development, the strengthening of economic resilience is conducive to enhancing the innovation capability of high-tech industries. (4) Under low-intensity technological competition between governments, a well-developed technology market, and increased agglomeration of technological talents, the strengthening of economic resilience is adverse to enhancing the innovation capability of high-tech industries. The main contribution of this study is to clarify the configuration mechanism of economic resilience that acts on the innovation capability of the high-tech industry and reveal the complex interaction between economic resilience and multiple factors.
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1. Introduction


The high-tech industry has become an important field of national competition, and its innovation capability is a key factor in measuring a country’s innovation capability [1]. Currently, China’s high-tech industry is showing a rapid development trend overall. However, apart from a few fields, such as quantum communication, aerospace, and high-speed rail, there is still a significant gap between most high-tech fields in China and developed countries, with issues of low-end locking in the global value chain and key core technologies being “stuck” [2,3]. Therefore, methods for effectively enhancing the innovation capability of the high-tech industry have become urgently needed in China.



Due to the fact that the improvement of innovation capability in the high-tech industry is a systematic result, the relationship between the economic resilience of regional innovation systems and the innovation capability of the high-tech industry has received attention. The meaning of resilience in mechanics is the capability of an object to recover to its initial state after being subjected to pressure. Resilience research began in the field of ecology, referring to the capability of ecosystems to not only recover their original equilibrium state after being impacted but also their ability to potentially transition into another new equilibrium state [4,5]. Considering the non-equilibrium changes in the system, evolutionary resilience has been proposed, which is believed that resilience is an ongoing process rather than a restoration to a stable equilibrium state [6]. Economic resilience originates from evolutionary resilience, and it is defined as the capability of a region to resist uncertain external shocks and recover back to its original level or even evolve to a higher level via structural adjustment and adaptation [7,8].



However, according to the existing literature, the impact of economic resilience on the innovation capability of the high-tech industry is still uncertain:




	(1)

	
Economic resilience may have a positive impact on the innovation capability of the high-tech industry, such as systems with strong resilience that can stimulate innovation vitality and promote the improvement of innovation capability under external shocks [9,10].




	(2)

	
Economic resilience may also have a negative impact on the innovation capability of high-tech industries. For example, systems with strong resilience may hinder innovation behavior or be adverse to high-tech industry agglomeration [11].




	(3)

	
Different from the situations in (1) and (2), some studies have pointed out that there is an inverted U-shaped relationship between resilience strength and innovation output, i.e., the impact on innovation output is greatest when resilience strength is moderate. Resilience strength under low innovation output is negatively correlated with innovation output, and the impact of resilience strength on innovation output is minimal under moderate R&D investment [12].









Therefore, this study aims to identify the causes of this uncertainty. One possible reason for the above problem is that the existing literature mainly uses traditional regression analysis approaches to study the net effect of a single variable (e.g., economic resilience) on the result (e.g., innovation capability of the high-tech industry). The causal conditions for the occurrence of social phenomena are often interdependent rather than independent, and explaining the causes of social phenomena requires a holistic approach [13]. In fact, many key factors can have an impact on the innovation capability of the high-tech industry, such as technological investments from the government [14,15], digital economy development [16,17], foreign direct investment [18,19], technology market [20], etc. If viewed from a holistic perspective, economic resilience is likely to have an impact on the innovation capability of the high-tech industry in a complex combination and synergy process with respect to these key factors. The different combinations of economic resilience and these factors may result in either high or low innovation capabilities. In this complex causal relationship, it is difficult to clarify the impact of economic resilience on the innovation capability of the high-tech industry by only considering the net effect of a single variable.



The fuzzy-set qualitative comparative analysis (fsQCA) approach provides a solution to the aforementioned research limitations. The configuration perspective is widely used to understand causal complexity, where multiple conditions form different configurations and determine the appearance of results (such as the high or low innovation capability of high-tech industry) [13]. The fsQCA approach based on the set-theoretic approach provides a new method for solving complex causal relationships in such configuration problems, as fsQCA is suitable for configuration problems rather than net effect problems [21]. The fsQCA approach can directly analyze the interdependence among variables [22].



Therefore, we adopt the fsQCA approach to conduct this study and attempt to answer the following questions: What is the configuration mechanism that leads to uncertainty in the impact of economic resilience on the innovation capability of the high-tech industry? In what configuration is the strengthening of economic resilience beneficial for enhancing the innovation capability of the high-tech industry? And in what configuration is the strengthening of economic resilience unbeneficial for enhancing the innovation capability of the high-tech industry? Our study may contribute to the following two aspects: (1) systematically integrating the influencing factors of high-tech industry innovation capability from a configuration perspective, clarifying the configuration mechanism of economic resilience that acts on the innovation capability of high-tech industries. (2) By exploring the configuration effects of multiple conditions, the complex interactive nature between economic resilience and various influencing factors is explained, which compensates for the limitations of existing research in explaining the relationship between economic resilience and the innovation capability of the high-tech industry.



The remainder of this study is organized as follows: Section 2 reviews the literature related to the innovation capability of high-tech industry innovations and key influencing factors. Section 3 introduces the methods and data. Section 4 presents the results of the analysis. Section 5 further discusses the results. Section 6 presents the conclusions.




2. Literature Review


As we mentioned in the Introduction section, more than one key factor can affect the innovation capability of high-tech industries. However, we cannot exhaust all factors, and the fsQCA approach itself can only analyze a limited number of condition variables. In this case, we can only select the factors that are often used as independent or control variables from the recent research literature. Therefore, this study adopts the following logic for the literature review: On the one hand, we review the relationship between the innovation capability of high-tech industries and factors such as technological competition between governments, the technology market, technology talent agglomeration, and regional economic factors. Regarding regional economic factors, they include economic resilience, foreign direct investment, the digital economy, gross domestic product (GDP), and urbanization. On the other hand, this study introduces configuration analyses, which can be used to integrate the aforementioned factors and build a configuration framework for this study.



2.1. Government Technology Competition and Innovation Capability of the High-Tech Industry


In the institutional context of China, the central government personnel appointment system based on the relative performance evaluation of officials deeply shapes the behavioral logic of local governments [23]. Therefore, when facing the pressure brought by common higher-level tasks, there will be competitive behavior among governments at the same level, and the winners will receive additional incentives, thereby encouraging local governments to improve their work performance on the corresponding tasks [24,25]. The local government economic competition surrounding GDP once drove the rapid growth of China’s economy [26,27], but it also led to a series of economic and social problems, such as duplicate construction, regional development imbalance, ecological environment deterioration [28], etc. Since the 18th National Congress of the Communist Party of China, technological innovation has risen to an unprecedently important political and strategic position in China, and local governments in China have therefore shifted from GDP competition to technological competition [29].



The impact of technological competition between governments in China on the innovation capacity of the high-tech industry is similar to economic resilience. On the one hand, under the constraints of tenure, local Chinese governments tend to invest in low-risk and short-cycle technology projects and protect the local industry by adopting market segmentation strategies, which is not conducive to the cultivation of high-tech enterprises’ capabilities and collaborative innovation [30]. On the other hand, under the political pressure of promoting competition around technological innovation, local governments will increase their support and investment in high-tech industry to gain increased political performance, which promotes the flow of innovation elements to the high-tech industry, thereby enhancing innovation capabilities [31]. Overall, in the institutional context of China, technological government competition is an important factor affecting the innovation capability of the high-tech industry.




2.2. Technology Market and Innovation Capability of the High-Tech Industry


Under the influence of market mechanisms, the flow and diffusion of innovative elements, the widespread application of new processes and technologies, and the mutual matching of new products and markets can effectively enhance the innovation capability of the high-tech industry [32]. Among them, the technology market is the field where high-tech industries conduct technological transactions, and its developmental level and scale are closely related to innovation capabilities. Seok et al. found that technological trading activities can significantly improve innovation performance [33]. Zheng et al. found that China’s technology market policy can effectively promote the active participation of multinational corporations in technology transfer and promote innovation output [34]. Zhou et al. utilized transaction data from China’s provincial technology market from 2000 to 2019 and found that the development scale of regional technology markets significantly promoted the level of regional technological innovation [35]. Zhao et al. used technology market development as an intermediary variable to empirically test the direct and indirect effects of Internet development on high-tech industrial technological innovation, and they pointed out that the strategy of “Internet + technology market” directs and improves the development of high-tech industrial innovation resources’ optimization layout [36]. Therefore, the technology market is an important influencing factor for the innovation capability of the high-tech industry.




2.3. Technology Talent Agglomeration and Innovation Capability of the High-Tech Industry


The high-tech industry is a knowledge- and technology-intensive industry. When the agglomeration effect caused by the orderly flow of technological talents spreads to the high-tech industry, it plays an irreplaceable role in the acquisition, digestion, transformation, and utilization of knowledge and technology in the high-tech industry, thereby enhancing the innovation capability and competitiveness of the industry [37,38]. Therefore, the relationship between technological talents and the high-tech industry is a research topic that has received long-term attention. In the early literature, as Lucas pointed out, human capital agglomeration is the key to maintaining growth in the industrial economy [39]. Krugman proposed that the flow of technological talents will generate spatial agglomeration, and the agglomeration of technological talents is closely related to industrial agglomeration [40].



The early literature focused on the relationship between human capital agglomeration and industrial economic growth, as well as industrial agglomeration [39,40]. In recent years, research has further empirically analyzed the interaction mechanism between technological talent agglomeration and the innovation capability of the high-tech industry. For example, Pei conducted empirical research using panel data from 31 provinces in China from 2003 to 2013, indicating a significant positive interactive relationship between technology talent agglomeration and the development of high-tech industries, and technology talent agglomeration holds a “dominant position” in the interaction mechanism between the two [41]. Li and Liu found that technological talent agglomeration significantly promotes the improvement of regional innovation capabilities, and scientific and technological expenditures play a mediating effect between technological talent agglomeration and regional innovation capabilities [42]. In summary, technological talent agglomeration is a core element that affects the innovation capability of the high-tech industry.




2.4. Regional Economic Factors and Innovation Capability of the High-Tech Industry


There are many constituent factors in a regional economy, and in recent years, research has mainly focused on the impact of the following five factors on the innovation capability of the high-tech industry.



(1) Economic resilience: Regional economic resilience is a type of economic resilience with spatial characteristics, and its research focuses on the capability of multi-scale spatial economic systems to cope with external shocks [43]. From this perspective, regional development is considered a complex process, and the response, resistance, and post-crisis recovery of a region may lead to a new path for regional development [44]. Existing research mainly focuses on the role of technological innovation in regional economic resilience, and current views believe that technological progress and accumulation are beneficial for enhancing regional economic resilience [45,46]. In recent years, research has begun to focus on the impact of regional economic resilience on technological innovation, believing that regions with high economic resilience have higher efficiency with respect to technological innovation [47]. However, some studies have shown that the impact of economic resilience on the innovation capability of the high-tech industry is still uncertain [12,48].



(2) Foreign direct investment: Foreign direct investment (FDI) is the main carrier of cross-border investment behavior in an open economy, and utilizing FDI to develop high-tech industry has always been an important goal for China. Therefore, increasing attention has been focused on the impact of FDI on innovation in China’s high-tech industry [49,50,51]. However, there is no consensus on whether FDI can improve the innovation capability of the high-tech industry. On the one hand, FDI will fill the gaps in savings, foreign exchange, and technology in the host country, and it can enhance the industrial and technological level of the host country. The existing theoretical and empirical studies have confirmed the positive impact of FDI on the improvement of innovation performance in China’s high-tech industry [52,53]. On the other hand, it was observed that FDI can lead to the increasing dependence of host countries on foreign technology, inhibit the independent innovation and technological progress of host country enterprises, and thereby reduce their market share and productivity [54,55].



(3) Digital economy: In recent years, with the development of emerging digital technologies such as 5G, artificial intelligence, big data, and cloud computing, the digital economy has become an important driving force of economic development and social progress [56]. In China’s transition from high-speed growth to high-quality development, the digital economy has become an important means of promoting technological innovation [57]. For the high-tech industry, the digital economy improves the innovation efficiency of the high-tech industry by reducing the costs and risks of industrial innovation, optimizing innovation links, and achieving the precise integration of the supply and demand of innovation factors [58]. However, it was also found that although the digital economy can effectively improve the innovation efficiency of the high-tech industry, its impact tends to weaken over time [59].



(4) GDP: Regional GDP is an important indicator of regional economic growth, and the level of regional GDP is related to the development of innovation infrastructure, the completeness of the industry–university–research chain, and the degree of convergence of innovation factors in the region [60]. However, the speed of growth is not necessarily equivalent to the quality of growth. For example, in the past, China adopted an extensive economic growth model, pursuing the “speed and scale” of GDP, while the current Chinese economy emphasizes a shift from high-speed growth to high-quality development [61]. Therefore, GDP is not necessarily proportional to the innovation capability of the high-tech industry.



(5) Urbanization: Cities have the advantages of economic agglomeration and diversified innovation factor agglomeration, which makes urbanization beneficial for innovation entities to enhance their innovation capabilities and technological innovation [62]. However, with the development process of urbanization, urban diseases such as increasing pollution, increasing energy consumption, insufficient housing, inadequate employment, and traffic congestion have serious negative impacts on the quality of urbanization [20]. This negative impact may lead to synergy failure between urbanization and high-tech industries, thereby inhibiting the sustainable development of high-tech industries [63].




2.5. Integration of Factors Based on Configuration Analysis


The causes of social phenomena are mostly interdependent rather than independent, and these causal conditions can be aggregated into different configurations in order to jointly determine the occurrence of specific outcomes [21]. Thus, the relationship between causal conditions and outcome sets needs to be explained in a holistic and combinatorial manner [22]. Configuration analysis breaks through the limitations of traditional regression analysis approaches on overlapping effects among important variables, providing a systematic and comprehensive perspective that can effectively handle configurations comprising multiple factors, which has been increasingly confirmed by more and more studies to be suitable as a theoretical perspective for studying complex causal relationships [13].



The relationship between economic resilience and the innovation capability of the high-tech industry that this research focuses on is a configuration issue. On the one hand, as demonstrated by literature reviews, the impact of economic resilience on the innovation capability of the high-tech industry is uncertain. Although there are studies discussing this relationship from a threshold perspective, more than one factor affects the innovation capability of the high-tech industry. The lack of analysis of the combined effects of specific conditions may be the underlying reason for the unclear relationship between economic resilience and the innovation capability of the high-tech industry. On the other hand, the received literature also shows that, in addition to economic resilience, there is uncertainty in the relationship between other important factors (such as the digital economy, GDP, urbanization, etc.) and the innovation capability of high-tech industries. Thus, by building a configuration framework (see Figure 1), this study attempts to adopt a holistic and combinatorial approach to analyze the main causes and combinations of factors that contribute to the innovation capability of the high-tech industry in order to explore various possible configurations through which economic resilience takes effect.





3. Methods and Data


3.1. Fuzzy-Set Qualitative Comparative Analysis Approach


The QCA approach originated in the 1980s and has now been widely applied in research fields such as sociology, politics, and management [13]. The QCA approach combines the advantages of two mainstream research methods, which are quantitative and qualitative, and carries out comparative cross-case analysis via Boolean algebra and set relationships. The QCA approach, believing that cases are composed of causal conditions, focuses on the complex causal relationship and causal asymmetry between configuration and outcomes (for example, different configurations containing economic resilience may generate high or low innovation capability with respect to the high-tech industry) [21]. According to the characteristics of variable types, the QCA approach can be divided into fuzzy-set qualitative comparative analysis (fsQCA), clear-set qualitative comparative analysis (csQCA), and multivalve-set qualitative comparative analysis (mvQCA). Compared to the other two approach types, fsQCA can better handle the problem of continuous data [13]. The fsQCA approach is suitable for medium-sized sample studies (e.g., 15 to 50 sample cases) [64].



The fsQCA approach is applicable to this study. On the one hand, the condition and outcome variables of this study are continuous data, and the selected samples from 30 provinces in China belong to a medium-sized sample. Therefore, the variable characteristics and sample size are matched with the fsQCA approach. On the other hand, the imbalanced regional development in China makes case comparisons valuable for studies. The eastern coastal areas have developed economies and a good innovation environment, gathering a large number of innovative elements, while the basic conditions for innovation in the central and western regions are relatively backward, and eliminating differences is difficult in the short term [65]. Therefore, this study adopts the fsQCA approach, which can not only explore the complexity of the causal relationship between regional economic resilience and the innovation capability of the high-tech industry but also carry out sufficient comparisons between cases and assess the external validity of conclusions [64]. Figure 2 shows the analysis process for carrying out the fsQCA approach.




3.2. Data Source and Measuring Method


Due to some missing data from Hong Kong, Macau, Taiwan, and Tibet, this study used data from 30 provinces in China. The outcome variable of this study used data from 2019, while the conditional variable used data from 2018 for the following reasons: (1) From 2020 to 2022, extremely strict control measures were adopted by the governments in China, which caused many enterprises to be completely shut down [66]. (2) Due to the time-lag effect of condition variables on the innovation capability of the high-tech industry, the condition variables were measured with data from the year 2018. Table 1 shows the introduction of outcome and condition variables.



The most direct manifestation of innovation capability is innovation output, and using patents to measure innovation output and innovation capability is a commonly used practice [67]. According to the literature [68], this study uses the number of patent applications to measure the innovation capability of the high-tech industry (ICHI), and the data are sourced from the China High-Tech Industry Statistical Yearbook (https://data.cnki.net/yearBook/single?id=N2021020055, accessed on 13 April 2023.).



Considering that the government’s policy of participating in technological competition ultimately manifests in financial expenditure, according to the literature [69], the measurement method of technological competition between governments is as follows: GTCi = (sfei/GDPi)/(sfe/GDP). GTCi represents the level of government technology competition in region i; sfei and GDPi represent the current year’s technological fiscal expenditure and regional GDP, respectively. sfe and GDP represent the current year’s national technology fiscal expenditure and GDP. The data are sourced from the China Statistical Yearbook (https://data.cnki.net/yearBook/single?id=N2019110002, accessed on 13 April 2023.).



According to the literature [70], this study uses the technology market’s transaction volume to measure the technology market (TM), and the data are sourced from the China High-Tech Industry Statistical Yearbook.



According to the literature [32], location entropy is used to measure the technological talent agglomeration of the high-tech industry, and the calculation formula is “TTA = (regional technology talent employment of high-tech industry/regional all industry employment)/(national technology talent employment of high-tech industry/national all industry employment)”. This was sourced from the China High-Tech Industry Statistical Yearbook.



This study adopts two calculation steps to measure economic resilience and economic development.



Step 1: Measurement of the initial value of regional economic factors: In this study, regional economic factors include multiple economic variables, and their initial values are measured as follows:




	(1)

	
Initial economic resilience: According to the literature [7], this study uses the change rate of GDP for measurements, and the calculation formula is “Initial economic resilience = [(GDPi,t − GDPi,t−1)/GDPi, t−1 − (GDPt − GDPt−1)/GDPt−1]/|(GDPt − GDPt−1)/GDPt−1|”. GDPi, t is the gross domestic product of region i in year t; GDPi, t−1 is the gross domestic product of region i in year t − 1; GDPt is China’s gross domestic product in year t; and GDPt−1 is China’s gross domestic product in year t − 1. The data are sourced from the China Statistical Yearbook.




	(2)

	
Other economic factors: The data on FDI are sourced from the statistical yearbooks of 30 provinces in China. This study uses the Digital Economy Development Index to measure the digital economy in various provinces, which is sourced from the 2019 China Digital Economy Development Index White Paper (https://www.ccidgroup.com/info/1096/21833.htm, accessed on 13 April 2023.), an authoritative report released by the China Electronic Information Industry Development Research Institute, a subsidiary of the Ministry of Industry and Information Technology of China. The data on regional GDP and urbanization are sourced from the China Statistical Yearbook, where urbanization is measured by the proportion of the regional urban population to the total population.









Step 2: Principal component extraction of regional economic factors: Due to the fact that the fsQCA approach is not suitable for handling too many condition variables (4–6 condition variables are more suitable for medium sample size) [64] and the calculation method of initial economic resilience overlaps with regional GDP to some extent, this study used principal component analysis to extract regional economic factors. By using the statistical software SPSS17.0 for principal component analysis, the scores of the principal components of economic resilience (ER) and economic development (ED) were obtained.




3.3. Calibration


The data for the conditions and outcome of this study are sourced from statistical data, which have high reliability and wide applicability but lack an external basis and theoretical standards for calibration. According to the literature [64], to determine the set membership of the sample cases, this study adopts the direct calibration method to calibrate initial data, setting the three fully in, crossover, and fully out anchor points of variables as 95%, 50%, and 5% of the descriptive statistical values of the sample cases, respectively. The anchor points of each variable are shown in Table 2, and the calibrated data of each variable are shown in Table A1 in Appendix A.





4. Results


4.1. Necessity Analysis


This study uses fsQCA 4.0 software to analyze data. Separate tests on the necessity of each condition need to be conducted before sufficiency analysis [64], and the results are shown in Table 3.



Consistency is an important criterion for measuring the necessity of conditions. When the consistency value is greater than 0.9, it can be considered a necessary condition for the outcome [64]. From Table 3, it can be seen that when ICHI is taken as the outcome, the consistency values of TTA and ER are both greater than 0.9. Therefore, TTA and ER are necessary conditions for generating ICHI. When ~ICHI is taken as the outcome, the consistency values of all conditions are below 0.9, indicating that none of the conditions can constitute a necessary condition to explain ~ICHI. The above analysis results indicate that the synergistic effect of five condition variables on the innovation capability of the high-tech industry requires a comprehensive consideration of their concurrent synergistic effects.




4.2. Sufficiency Analysis


Sufficiency analysis, also known as standardized analysis, is used to generate configurations. When setting parameters, the consistency threshold is set to 0.8 [13]. The setting of the frequency threshold should include at least 75% of observed cases, and considering that the total number of cases in this study is 30, the frequency threshold is set to 1 [13]. To reduce potential conflicting configurations, this study set the proportional reduction in inconsistency (PRI) at 0.7 [13,64].



When conducting the standardized analysis of ICHI, the software exports four primary implicants: GTC * TTA, TM * TTA, GTC * ED, and TTA * ED *~ER. In this study, “*” denotes interactions among condition variables. Considering the relationship between economic resilience and the innovation capability of the high-tech industry, as well as the importance of governments, markets, talents, and the economy, GTC * TTA, TM * TTA, and GTC * ED were selected as the primary implications for this study. In counterfactual analyses, TTA and ED are necessary conditions, and the “present” option is selected in the software procedure. The relationships between other conditions and outcomes lack clear theoretical expectations; thus, the present or absent option is chosen in the counterfactual analysis procedure [64].



When conducting a standardized analysis of ~ICHI, the software exported two primary implicants: ~ED and ~TM *~ER. Considering the relationship between economic resilience and the innovation capability of the high-tech industry, as well as the importance of the market, this study chose ~TM *~ER as the primary implicant. When conducting counterfactual analyses, due to the lack of clear theoretical expectations regarding the relationship between all conditions and outcomes, the present or absent option is chosen in the counterfactual analysis procedure [64].



Finally, complex solutions, parsimonious solutions, and intermediate solutions for ICHI and ~ICHI are obtained (see Table A2 in Appendix B). The interpretation of the results of sufficiency analysis mainly uses the parsimonious solution and the intermediate solution. The conditions that exist simultaneously in intermediate solutions and parsimonious solutions are the core conditions, and the conditions that only exist in intermediate solutions are the edge conditions [13]. We adopt the approach invented by Ragin and Fiss to showcase the results [21] (see Table 4).




4.3. Configuration Analysis


4.3.1. Configurations for ICHI


Table 4 shows two configurations for explaining ICHI. The solution’s consistency is 0.938, meaning that among all cases that meet these two configurations, 93.8% of cases have high innovation capability. The solution coverage is 0.848, meaning that these two configurations can explain 84.8% of cases with high innovation capability. By analyzing these two configurations, we can further identify the differential combination relationships of different condition variables influencing the ICHI.



(1) Configuration H1: TM*TTA*ED*~ER: Configuration H1 means that when a region combines TM, TTA, ED, and ~ER, this region can obtain high ICHI. In this configuration, TM, TTA, and ED are the core conditions, ~ER is the edge condition, and the presence or absence of GTC has no effect on the outcome. Configuration H1 can explain approximately 56.1% of the cases with high ICHI; approximately 14.6% of the cases with high ICHI can only be explained using this configuration. The typical cases in configuration H1 are Shanghai, Tianjin, Jiangsu, and Shandong.



(2) Configuration H2: GTC*TTA*ED*ER: Configuration H2 means that when a region combines GTC, TTA, Ed, and ER, this region can obtain high ICHI. In this configuration, GTC, TTA, and ED are the core conditions, ER is the edge condition, and the presence or absence of TM has no effect on the outcome. Configuration H2 can explain approximately 70.2% of the cases with high ICHI; approximately 28.7% of the cases with high ICHI can only be explained using this configuration. The typical cases in configuration H2 are Guangdong, Anhui, Jiangxi, Hubei, Zhejiang, and Sichuan.




4.3.2. Configurations for ~ICHI


Table 4 shows four configurations for explaining ~ICHI. The solution’s consistency is 0.989, meaning that among all cases that meet these four configurations, 98.9% of cases have low innovation capability. The solution’s coverage is 0.758, meaning that these four configurations can explain 75.8% of cases with low innovation capability. By analyzing these four configurations, we can further identify the differential combination relationships of different condition variables in influencing the ~ICHI.



(1) Configuration L1: ~TM*~TTA*~ED: Configuration L1 means that when a region combines ~TM, ~TTA, and ~ED, this region may obtain low ICHI. In this configuration, ~TM and ~TTA mean the absence of these two core conditions, ~ED means the absence of this edge condition, and the presence or absence of GTC and ER have no effect on the outcome. Configuration L1 can explain approximately 71.9% of the cases with low ICHI; approximately 16.0% of the cases with low ICHI can only be explained using this configuration. The typical cases in configuration L1 are Qinghai, Ningxia, Shanxi, and Guizhou.



(2) Configuration L2: ~GTC*~TM*~ED*~ER: Configuration L2 means that when a region combines ~GTC, ~TM, ~ED, and ~ER, this region may obtain low ICHI. In this configuration, ~TM and ~ER mean the absence of these two core conditions, ~GTC and ~ED mean the absence of these two edge conditions, and the presence or absence of TTA has no effect on the outcome. Configuration L2 can explain approximately 41.3% of the cases with low ICHI; approximately 0.7% of the cases with low ICHI can only be explained using this configuration. The typical cases in configuration L2 are Heilongjiang, Inner Mongolia, Hainan, and Chongqing.



(3) Configuration L3: ~GTC*TM*~TTA*~ER: Configuration L3 means that when a region combines ~GTC, TM, ~TTA, and ~ER, this region may obtain low ICHI. In this configuration, ~TTA and ~ER mean the absence of these two core conditions, ~GTC means the absence of this edge condition, TM means the presence of this edge condition, and the presence or absence of ED has no effect on the outcome. Configuration L3 can explain approximately 29.0% of the cases with low ICHI; approximately 1.3% of the cases with low ICHI can only be explained using this configuration. The typical cases in configuration L3 are Liaoning, Jilin, and Hebei.



(4) Configuration L4: ~GTC*~TM*~TTA*ER: Configuration L4 means that when a region combines ~GTC, ~TM, ~TTA, and ER, this region may obtain low ICHI. In this configuration, ~TM and ~TTA mean the absence of these two core conditions, ~GTC means the absence of this edge condition, ER means the presence of this edge condition, and the presence or absence of ED has no effect on the outcome. Configuration L4 can explain approximately 45.7% of the cases with low ICHI; approximately 0.8% of the cases with low ICHI can only be explained using this configuration. The typical cases in configuration L4 are Yunnan, Guangxi, Gansu, Xinjiang, and Henan.






5. Discussions


5.1. The Configuration Mechanism of the Impact of ER on the ICHI


The received literature has mainly analyzed the net effect of ER on the ICHI, and the effect of ER on the ICHI may either be positive [9,10], negative [11,48], or an inverted U-shaped relationship [12]. Therefore, in existing studies, the impact of ER on the ICHI is not clear. This study adopts a holistic and combinatorial configuration analysis method and observes whether the combination of ER and different causal conditions has different impact results on the ICHI.



	(1)

	
The impact of a high ER on the ICHI: Configuration H2 indicates that the effective synergy among high ER, high GTC, high TTA, and high ED can generate a high ICHI. Configuration L4 indicates that the combination of high ER, low GTC, low TM, and low TTA will lead to low ICHI.




	(2)

	
The impact of low ER on the ICHI: Configuration H1 indicates that the combination of low ER with high TM, high TTA, and high ED can generate high ICHI. Configuration L2 and L3 indicate that the combination of low ER with low GTC, low TM, and low ED, as well as the combination of low ER with low GTC, low TTA, and high TM, all lead to low ICHI.







This study takes a holistic perspective as the starting point, revealing the different combinations of ER and various key factors that can either form a configuration that positively affects the ICHI or negatively affects the ICHI. Therefore, this study provides a theoretical and empirical explanation for the uncertainty of the relationship between ER and ICHI in the received literature. It is proven that considering the synergistic effects of multiple variables is an important way to clarify the complex causal relationship between the ER and the ICHI.




5.2. Equivalent Configuration and Substitution Effects of the ICHI


Research based on linear assumptions often focuses on the impact of specific single variables on ICHI (see [9,16,19]), which results in a lack of in-depth analyses of the interaction among relevant factors. When there are differences in different factors and their combinations, different configurations will be shaped, resulting in differentiated outcomes. The fsQCA approach is suitable for configuration problems and can directly analyze the interdependence among variables, identify equivalent configurations composed of different condition variables, and identify substitution effects among different variables [13,21,22,64].



By adopting the fsQCA approach, this study finds that the different combinations of GTC, TM, TTA, ED, and ER constitute two equivalent configurations of high ICHI and four equivalent configurations of low ICHI:




	(1)

	
By comparing the similarities and differences between equivalent configurations H1 and H2, the following is observed:




	
Although configurations H1 and H2 are composed of different condition variables, they can both achieve high ICHI.



	
With the same condition, combinations of “TTA * ED”, “TM *~ER”, and “GTC * ER” can be substituted for each other.









	(2)

	
By comparing the similarities and differences of equivalent configurations L1, L2, L3, and L4, the following is observed:




	
The four configurations composed of different conditions all lead to low ICHI.



	
With the same condition combination “~TM *~TTA”, condition “~ED”, and condition combination “~GTC * ER” in configurations L1 and L4, they can be substituted for each other.



	
With the same condition combination “~GTC *~ER”, condition combinations “~TM *~ED” and “TM *~TTA” in L2 and L3 can be substituted for each other.














The equivalent configurations and substitution effects prove that the methods that can drive high-tech industries to achieve high innovation capability or gain low innovation capability are not unique, and this has practical implications for exploring the development path of high-tech industries in technologically backward areas.




5.3. Causal Asymmetry of the Configurations of ICHI


In this study, following linear assumptions, the factors that lead to the presence or absence of outcomes are often the same variables. For example, a high ER can enhance the innovation capability of the high-tech industry [9,10], according to which logic a low ER should reduce the innovation capability of the high-tech industry. However, the specific factor that leads to the presence of the result and the specific factor that leads to the absence of the same result may not be the same factor, which can be interpreted as causal asymmetry [13,64].



By comparing the differences among the six configurations, it can be observed that the configuration mechanisms of high ICHI and low ICHI are asymmetric:




	(1)

	
It is directly observed that two configurations lead to high ICHI, while four configurations lead to low ICHI.




	(2)

	
GTC, TM, TTA, and ED are the core conditions for high ICHI, while ~TM, ~TTA, and ~ER are the core conditions for low ICHI.




	(3)

	
By comparing configurations H1, H2, L2, L3, and L4, it can be found that high ER and low ER can both lead to high (low) ICHI. The causal relationship logic between ER and ICHI does not follow the linear assumption. Similarly, the presence or absence of GTC is irrelevant for the formation of high ICHI in configuration H1, while the absence of GTC becomes an important condition leading to low ICHI in configurations L2, L3, and L4.









The causal asymmetry indicates that decision makers in a specific region cannot simply replicate the successful experiences of other regions if they want to formulate high-tech industry policies that are beneficial to the region, as this so-called successful experience of other regions may lead to the consequences of failure.




5.4. Policy Implications and Research Prospects


The innovation capability of the high-tech industry is a key factor in measuring a country’s innovation capability. Reducing the gap in cutting-edge technology with developed countries, changing the position of technological products in the global value chain, and making breakthroughs in key core technologies, etc., all require China to enhance the innovation capability of the high-tech industry. In this context, the main policy implications of this study for enhancing the innovation capability of China’s high-tech industry are as follows:




	(1)

	
High-tech industry technology talents and regional economic development are the core conditions for enhancing the innovation capability of the high-tech industry. However, it is worth noting that these two conditions are not sufficient, and decision-makers must further enhance the synergy between these two conditions and other conditions.




	(2)

	
Enhancing the innovation capability of high-tech industry is feasible by enhancing economic resilience, but simultaneously enhancing government support for science and technology, increasing the training of technological talents, and promoting economic development are necessary. Strategically, the synergistic effect of these factors should be enhanced to form configurations that are conducive to generating high innovation capability within the high-tech industry.




	(3)

	
For regions where the innovation capability of the high-tech industry has been at a low level for a long period of time, decision makers not only need to conduct in-depth evaluations of conditional endowments, such as technology fiscal expenditure, technology markets, technology talents, economic development, and economic resilience, but also need to conduct in-depth investigations on the factors that hinder the synergistic effect of these conditions in order to find a suitable path for improving the innovation capability of high-tech industries in local areas in accordance with local conditional endowments.




	(4)

	
In practice, decision-makers related to these conditions in our study come from different government departments, and the essence of achieving conditional synergy is to achieve decision-making collaboration among different departments. That is to say that the overall effect of enhancing the innovation capability of high-tech industries at the system level is achieved through decision-making collaboration. Therefore, it is necessary to introduce the logic of collaborative governance into the decision-making process. Specifically, it is needed for the following processes: establishing a collaborative governance program in the decision-making process; requiring decision-makers from various departments to participate in discussions; jointly identifying problems; and developing collaborative action, supervision, and evaluation plans.









Finally, there are certain research limitations in this study. In the context of the current emphasis on the relationship between economic resilience and the innovation capability of high-tech industries, the purpose of this study was to clarify the complex causal relationship between the two and thus provide certain policy implications for enhancing the innovation capability of China’s high-tech industry. Therefore, this study mainly conducted static configuration mechanism analyses on the causal relationship between economic resilience and the innovation capability of high-tech industries, but it failed to analyze the dynamic evolution mechanism of this causal relationship. In this regard, future research needs to use methods such as in-depth interviews and historical institutional comparisons to study the dynamic evolution mechanism. Furthermore, due to the lack of dynamic analysis, this study did not provide a good explanation for the inverted U-shaped relationship between economic resilience and the innovation capability of the high-tech industry. Thus, developing a suitable dynamic fsQCA approach for future research is necessary.





6. Conclusions


This study adopts the fsQCA approach to conduct research and uses data from 30 provinces in China to test the relationship between economic resilience and the innovation capability of the high-tech industry. The answers to the research questions raised at the beginning are as follows:




	(1)

	
Technological talent and economic development are necessary conditions for explaining the high innovation capability of the high-tech industry.




	(2)

	
The combination of economic resilience and different factors constitutes the equivalent configuration of two high innovation capabilities and four low innovation capabilities.




	(3)

	
Under the configuration of high-intensity technological competition between governments, the increased agglomeration of technological talents, and high-quality economic development, the strengthening of economic resilience is conducive to enhancing the innovation capability of high-tech industries.




	(4)

	
Under the configuration of low-intensity technological competition among governments, a well-developed technology market, and the increased agglomeration of technological talents, the strengthening of economic resilience is averse to enhancing the innovation capability of the high-tech industry.









The main contribution of this study is to clarify the configuration mechanism of economic resilience that acts on the innovation capability of the high-tech industry, explain the complex interaction among economic resilience and multiple factors, and make up for the shortcomings of existing research in explaining the relationship between economic resilience and the innovation capability of high-tech industries.
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Table A1. Results of calibration.






Table A1. Results of calibration.





	Province
	ICHI
	GTC
	TM
	TTA
	ED
	ER





	Beijing
	0.55
	0.96
	0.99
	0.5
	0.95
	0.27



	Tianjin
	0.32
	0.66
	0.62
	0.72
	0.58
	0.03



	Hebei
	0.5
	0.08
	0.51
	0.28
	0.31
	0.35



	Shanxi
	0.06
	0.49
	0.25
	0.08
	0.18
	0.45



	Inner Mongolia
	0.06
	0.03
	0.06
	0.06
	0.24
	0.3



	Liaoning
	0.28
	0.26
	0.57
	0.26
	0.53
	0.38



	Jilin
	0.07
	0.19
	0.53
	0.11
	0.04
	0.08



	Heilongjiang
	0.07
	0.12
	0.29
	0.07
	0.11
	0.15



	Shanghai
	0.55
	0.95
	0.75
	0.6
	0.93
	0.18



	Jiangsu
	0.79
	0.64
	0.7
	0.87
	0.94
	0.49



	Zhejiang
	0.67
	0.72
	0.6
	0.88
	0.88
	0.52



	Anhui
	0.55
	0.87
	0.52
	0.6
	0.66
	0.97



	Fujian
	0.56
	0.36
	0.12
	0.71
	0.74
	0.75



	Jiangxi
	0.53
	0.72
	0.18
	0.68
	0.56
	0.87



	Shandong
	0.56
	0.29
	0.66
	0.65
	0.8
	0.39



	Henan
	0.51
	0.37
	0.25
	0.48
	0.63
	0.8



	Hubei
	0.57
	0.73
	0.74
	0.56
	0.68
	0.9



	Hunan
	0.52
	0.5
	0.51
	0.6
	0.6
	0.57



	Guangdong
	0.99
	0.89
	0.77
	0.99
	0.94
	0.74



	Guangxi
	0.08
	0.34
	0.09
	0.06
	0.15
	0.83



	Hainan
	0.05
	0.32
	0.05
	0.15
	0.12
	0.4



	Chongqing
	0.49
	0.42
	0.36
	0.57
	0.34
	0.18



	Sichuan
	0.56
	0.51
	0.7
	0.64
	0.52
	0.89



	Guizhou
	0.13
	0.74
	0.31
	0.3
	0.12
	0.81



	Yunnan
	0.07
	0.3
	0.13
	0.08
	0.07
	0.76



	Shaanxi
	0.49
	0.5
	0.73
	0.6
	0.46
	0.85



	Gansu
	0.05
	0.32
	0.34
	0.07
	0.06
	0.89



	Qinghai
	0.05
	0.57
	0.12
	0.06
	0.07
	0.49



	Ningxia
	0.05
	0.85
	0.05
	0.17
	0.1
	0.34



	Xinjiang
	0.05
	0.47
	0.05
	0.04
	0.13
	0.93
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Table A2. All results of the sufficiency analysis.
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Configurations

	
Raw Coverage

	
Unique Coverage

	
Consistency






	
ICHI




	
Complex solution

	
TM * TTA * ED *~ER

	
0.561

	
0.146

	
0.938




	
GTC * TTA * ED * ER

	
0.702

	
0.287

	
0.969




	
solution coverage: 0.848

solution consistency: 0.938




	
Parsimonious solution

	
GTC * TTA

	
0.855

	
0.006

	
0.890




	
TM * TTA

	
0.821

	
0.058

	
0.908




	
GTC * ED

	
0.850

	
0.008

	
0.836




	
solution coverage: 0.921

solution consistency: 0.792




	
Intermediate solution

	
TM * TTA * ED *~ER

	
0.561

	
0.146

	
0.938




	
GTC * TTA * ED * ER

	
0.702

	
0.287

	
0.969




	
solution coverage: 0.848

solution consistency: 0.938




	
~ICHI




	
Complex solution

	
~TM *~TTA *~ED

	
0.719

	
0.160

	
1




	
~GTC *~TM *~ED *~ER

	
0.413

	
0.007

	
0.985




	
~GTC *TM *~TTA *~ER

	
0.290

	
0.013

	
0.998




	
~GTC *~TM *~TTA * ER

	
0.457

	
0.008

	
0.997




	
solution coverage: 0.758

solution consistency: 0.989




	
Parsimonious solution

	
~TTA

	
0.895

	
0.435

	
0.979




	
~TM *~ER

	
0.486

	
0.026

	
0.948




	
solution coverage: 0.921

solution consistency: 0.953




	
Intermediate solution

	
~TM *~TTA *~ED

	
0.719

	
0.160

	
1




	
~GTC *~TM *~ED *~ER

	
0.413

	
0.007

	
0.985




	
~GTC *TM *~TTA *~ER

	
0.290

	
0.013

	
0.998




	
~GTC *~TM *~TTA * ER

	
0.457

	
0.008

	
0.997




	
solution coverage: 0.758

solution consistency: 0.989








Note: In this study, * means the interaction among condition variables.
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Figure 1. Configuration framework for the innovation capability of the high-tech industry. 
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Figure 2. The analysis process for carrying out the fsQCA approach. 
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Table 1. Outcome and condition variables.
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Variable Type

	
Indicators, Year

	
Abbreviation






	
Outcomes

	
Innovation Capability of the High-Tech Industry, 2019

	
ICHI




	
Conditions

	
Government Technology Competition, 2018

	
GTC




	
Technology Market, 2018

	
TM




	
Technology Talent Agglomeration, 2018

	
TTA




	
Economic Resilience, 2018

	
ER




	
Economic Development, 2018

	
ED











 





Table 2. Calibration of outcomes and conditions.
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	Outcomes and Conditions
	Fully in
	Crossover
	Fully Out





	ICHI
	85,986.950
	4053.500
	131.400



	GTC
	2.334
	0.612
	0.321



	TM
	29,820,013.000
	2,321,684.500
	55,820.600



	TTA
	0.431
	0.104
	0.013



	ED
	2.027
	−0.218
	−1.128



	ER
	1.126
	0.194
	−2.514










 





Table 3. Results of necessity analysis.
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Conditions

	
ICHI

	
~ICHI




	
Consistency

	
Consistency






	
GTC

	
0.864

	
0.593




	
~GTC

	
0.650

	
0.695




	
TM

	
0.852

	
0.472




	
~TM

	
0.677

	
0.825




	
TTA

	
0.967

	
0.446




	
~TTA

	
0.641

	
0.895




	
ED

	
0.954

	
0.453




	
~ED

	
0.560

	
0.836




	
ER

	
0.789

	
0.649




	
~ER

	
0.621

	
0.581








Note: “~” represents not in set operation; e.g., ICHI means the high innovation capability of the high-tech industry, while ~ICHI denotes the low innovation capability of the high-tech industry.













 





Table 4. Results of sufficiency analysis.
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Conditions

	
ICHI

	
~ICHI




	
H1

	
H2

	
L1

	
L2

	
L3

	
L4






	
GTC

	

	
●
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