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Abstract

:

Agricultural technology is key to ensuring food security. Innovation in agricultural technology plays a vital role in increasing national food production. Collaborative innovation has become an essential form of technological innovation in the new era. Although there has been a large body of literature exploring the influencing factors on technological innovation, how tie strength dispersion within inter-organizational networks affects agricultural technological innovation has not been systematically studied. In this research, we use a cooperative network to investigate how relational divisive faultlines caused by the uneven distribution of the strength of inter-organizational relationships affects agricultural technological innovation through the subgroup structure, and the moderating role of position embeddedness. This article uses the Derwent Innovations Index to select agricultural technology joint patent applications from 2000 to 2018 to build a cooperation network, and uses multiple linear regression to conduct an empirical analysis. The empirical results show that the relational divisive faultlines have a positive effect on the subgroup structure. There is an inverted U-shaped relationship between the subgroup structure and agricultural technological innovation. The initial stage of subgroup formation can transmit the information between the subgroups in time and promote the efficiency of agricultural technological innovation. However, as the degree of subgroup cohesion increases, the phenomenon of “in-group” and “out-of-group” will be formed, which will inhibit information exchange, having a negative impact on agricultural technological innovation. In addition, positional embeddedness has a significant positive moderating effect between relational divisive faultlines and agricultural technological innovation. This research provides a theoretical basis for understanding how the overall network relationship strength distribution affects technological innovation by exploring the micro-process of the structural changes of the cooperation network. Moreover, it has specific guiding significance for the organization to participation in a cooperation network to improve the efficiency of agricultural technological innovation.
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1. Introduction


Agriculture is the foundation of the national economy and the cornerstone of social stability and economic development. Since the founding of New China, the Communist Party of China and the country have attached great importance to food safety production [1]. In recent years, China’s grain harvest has been very productive, and grain output has stabilized at more than 1.3 trillion catties for six consecutive years. According to data from the National Bureau of Statistics of China, China’s total grain output in 2019 was 663.84 million tons, an increase of 5.94 million tons over the previous year, and an increase of 0.9% year-on-year, which is a record high [2]. However, under China’s national condition of more people and less land, and with a continuous increase in Chinese residents’ food consumption level and demand for high-quality food, China’s food gap has long existed and will expand further. Making up for the shortcomings of the domestic food quality is the key to improving China’s food security.



As primary productive forces, science and technology are the keystones of various fields of social development and human progress, and have an important influence on agriculture, especially food security. Over the years, China’s grain output per unit area has been lower than the United States. The main reason for this is insufficient investment in science and technology and the low level of large-scale agricultural production and mechanization. Developing agricultural technological innovation and promoting the application of key information technology in the agricultural field can significantly increase agricultural productivity. Agriculture is different from manufacturing and high-tech industries. It has unique characteristics in the form of industrial agglomeration and technological innovation. Breaking through the traditional small peasant economy and building a new carrier for the agricultural industry has far-reaching strategic significance for furthering the implementation of the agricultural revitalization strategy. Cooperative innovation in a networked environment has become an important form of technological innovation in the new era. Multiple companies or organizations form a network through cooperation, and a collaborative network composed of multiple organizations is like a vast knowledge pool. It can provide an important foundation for firms to access new knowledge for technological innovation.



With the increasing openness of the innovation ecosystem, the innovation network has become more and more complex. It presents the loosely coupled characteristics of overall unity and partial module independence [3]. Network members choose their partners according to different preferences. There may be different degrees of trust and different relationships with each other, leading to an uneven distribution of partnerships in the innovation network. The uneven distribution of the strength of the node’s binary relationship in the cooperative network will cause some closely cooperative organizations to form subgroups with strong cohesion [4].



Some scholars have realized the performance of the subgroup phenomenon in the inter-organizational cooperation network and have studied the formation of subgroups from the perspective of an inter-organizational relationship, using this to explain the reason for the formation of the subgroups. Lau and Murnighan proposed that when the relationship strength is different among different member pairs, the difference in relationship strength enhances the possibility of group division, further creating trust issues and the formation of cohesive subgroups. This creates the problem of the cohort belonging “within the group” or “outside the group” [5]. Thatcher and Patel called on scholars to explore divisive faultlines by researching alliances and social networks [6]. Later, when studying the stability of multilateral alliances, some scholars extended the concept of divisive faultlines between individuals to the inter-organizational level [4]. It is believed that the uneven distribution of the strength of relationships between organizations will lead to differences in the degree of cooperation and sharing of experiences, making the overall cooperation network produce potentially divisive faultlines and further divide into multiple factions. The study regards divisive faultlines as the distribution of the strength of the dual relationship between organizations at the overall network level. Its essence is the difference in the degree of shared experience between partners. That is, the unbalanced state of relationship strength is caused by the difference in the degree of cooperation between different organizations. This state will lead to the formation of strong, cohesive subgroups among companies that cooperate closely. Companies with weak partnerships are excluded from the cohesion subgroup [7].



In a cooperation network, when a specific firm holds the dominant resources and advantages, the firm often forms a focal firm, which provides the necessary governance and discipline for the network members to achieve the overall goal [8,9]. Positional embeddedness makes the network form a network structure between the center and the periphery. Shipilov believes that companies in the brokerage position often choose partners in different positions according to the degree of realization of their performance vision. When the performance vision deviates from the original expectations, the brokerage company will change the partner selection strategy [10]. It will then choose a partner close to its status. Therefore, we have reason to believe that firms occupying a central position will have a particular impact on the firms’ technological innovation in a cooperative network.



This article integrates divisive faultlines and social network theories and explores the relationship between inter-organizational cooperation network relational divisive faultlines, subgroup structures, positional embeddedness, and agricultural technological innovation. Data was collected to analyze how the relational divisive faultlines affect agricultural technological innovation. We provide theoretical references and suggestions for improving technological innovation performance. This article mainly studies the following issues: (1) the influence of relational divisive faultlines on the subgroup structure; (2) the influence of the subgroup structure on agricultural technological innovation; and (3) the moderating effect of positional embeddedness between relational divisive faultlines and agricultural technological innovation.




2. Model Construction and Hypothesis


Lau and Murnighan define faultlines as “an assumed dividing line that divides a group into two or more subgroups based on one or more attributes (an individual’s demographic characteristics, such as race, gender, nationality, and age, etc.)” [11]. Faultline theory believes that similarity can promote social identity between individuals and make individuals choose to form alliances with members that are similar to themselves [12]. Heidl extends the concept of faultlines from inter-individual groups to the level of inter-organizational groups (multilateral alliances). From the perspective of strategic management, the nature of faultline generation is analyzed. It believes that group members form cohesive subgroups based on common experience and mutual identification [4]. This article proposes the term “divisive faultlines” from the perspective of relationship embeddedness. Since the technological innovation network is a relatively loose cooperative network, there are sparse cooperative relations among network members. It believes that divisive faultlines are a concept related to the distribution or configuration of the relationship strength between firms. It is essentially caused by the difference in the degree of shared experience between firms. These experiences can be shared indirectly (similar members may have similar experiences). It can also be shared directly through the interactions of history.



The trust mechanism established between members forms a technological innovation network through the development of multiple relationships. It can increase expectations of reciprocity and reduce concerns about justice and fairness. Additionally, it can encourage partners to share information further to strengthen the binding between firms [12]. When members of the network maintain and strengthen the dual relationship with specific members, they will inevitably ignore the relationship with other members. When the strength of the relationship is distributed differently between different pairs of members, certain members maintain strong relationships with some and weak relationships with others. The existence of differences in relationship strength generates trust issues and results in cohesive subgroups being formed. Eventually causing the problem of a cohort belonging “within the group” or “outside the group” [11]. This leads to the formation of multiple factions in the overall network [13].



The existence of divisive faultlines causes the overall network to be divided into different subgroups in the agricultural technological innovation ecosystem. Inter-firm cooperation is an important way to improve network cooperation and innovation performance. It is not difficult for us to explore this. The formation of a camp has a particular impact on the performance of network cooperative innovation. The cooperation between firms within the camp becomes closer, and members in each camp cooperate is relatively loose. At the same time, the focal firms within each camp play a key role in promoting the formation of the camp and network changes. The more prominent the competition, the more pronounced the boundaries of its camp, in other words. By occupying the central position in the network, focal firms will intensify the formation and development of the camp. Therefore, we believe that the higher the member position embeddedness, the stronger the relationship between the divisive faultlines and the formation of subgroups.



2.1. Model Construction


The participation of firms in an inter-organizational cooperation network has become one of the essential ways to enhance the potential of technological innovation. However in practice, network members are not entirely interconnected. In other words, members of an inter-organizational network do not need to have a cooperative relationship with all the members of the network. Only some specific partners are selected for cooperation, leading to the existence of local tight sub-networks [14]. In this article, we discuss the influence of relational divisive faultlines on the structure of subgroups due to the uneven distribution of binary relations among organizations in cooperative networks. We also look at how the subgroup structure produced by the relational divisive faultlines affects the network operation in the cooperative network. Is there a conditional mechanism in the process of relational divisive faultlines affecting the cooperative network? We try to solve these problems. In this article, technological innovation represents the result of cooperation network operation, and the concept of the “faultlines—subgroup—result” model construction in faultlines-related literature is followed. The main research contents are as follows:(1) the direct influence of relational divisive faultlines on subgroup structure; (2) the direct influence of subgroup structure on technological innovation; and (3) the moderating role of position embeddedness between relational divisive faultlines and the subgroup structure. The conceptual model is shown in Figure 1.




2.2. Hypothesis


2.2.1. Relational Divisive Faultlines and Subgroup Structure


Relational divisive faultlines occur because the choice of partners between firms depends largely on historical partnerships. Firms will give priority to cooperation with partners who they have had direct or indirect relationships with in the past. This leads to differences in the degree of experience sharing between companies [4]. First, when the strength of the relationship between members of the network is unevenly distributed, there are differences in the degree of experience sharing among firms. When this difference creates different degrees of trust and relationships between partners, the network may become divided into multiple subgroups in the process of cooperation in the agricultural technological innovation network. The company has no need to maintain strong relationships with all network members. While a company maintains a strong relationship with some specific partners, it can only maintain a weak relationship with other partners. This strong relationship will limit the establishment of new and more inclusive norms involving a more comprehensive range of partners [15].



Second, when the distribution of the strength of the relationships between firms is very uneven, there will be strong divisive faultlines. At this time, firms with a high degree of experience sharing share common values, norms, and mutual trust are connected through close relationships to form cohesive local subgroups, while the rest of the firms are queued outside the subgroups. Because the members of the subgroup trust the members of that group more, it will make the members outside the subgroup feel the unfairness of the cooperation, reduce cooperation expectations, or even reduce the current cooperation and withdraw completely [16]. This kind of in-group and out-of-group dispute can cause mistrust among members belonging to different subgroups. It causes the relationship within the subgroup to be strong, and the relationship between subgroups to be weak [17]. In addition, when the strength of the divisive faultlines is greater, the flow of knowledge between subgroups is more restricted, and the distrust and inequality between subgroups are further magnified [7]. The stronger the uneven distribution of the strength of relationships between firms, the higher the degree of difference in experience sharing. The resulting relational divisive faultlines are stronger, and the boundaries between subgroups and subgroups is clearer. Therefore, this article proposes the following hypothesis:



Hypothesis 1:

The relational divisive faultlines caused by the distribution of inter-organizational relations positively affects the subgroup structure.






2.2.2. Subgroup Structure and Agricultural Technological Innovation


The agricultural technological innovation network is a relatively loose and sparsely connected firm cooperation network. The overall network cohesion is not strong. The formation of a subgroup structure can strengthen the local cohesion of the network to a certain extent, which is very important for the promotion of agricultural technological innovation. Specifically, when the subgroup phenomenon is not evident in the network, it is difficult to generate consensus and mutually recognized cooperation norms between firms, which is not conducive to the absorption of mutual knowledge during cooperation between firms. The relatively sparse relationship between network members is also not conducive to reciprocity between firms and will hinder knowledge sharing between firms. With the gradual aggregation of network subgroups, the strong relationships between the subgroups will promote the frequency of cooperation between firms. This is conducive to establishing a robust trust mechanism between firms and to the improvement of knowledge sharing and absorption. At the same time, an appropriate level of relationship between the subgroups will introduce the heterogeneous knowledge and resources of different subgroups, and through this strong interaction between the subgroup members, the knowledge and resources can be digested and absorbed, and effectively combined. In other words, the knowledge heterogeneity of different subgroups depends on the degree of connection between the subgroups [18], and this further improves the efficiency of technological innovation in agricultural firms. In addition, this article believes that the subgroup structure has also negatively affected agricultural technological innovation. That is, the formation of the subgroup structure has a certain inhibitory effect on cooperation between subgroups because the knowledge between firms in the same subgroup may have similarities. The heterogeneity of corporate knowledge among different subgroups is substantial. As cohesion within the subgroup increases, the members of the subgroup are locked in by the initial partner selection. This prevents internal members from cooperating with companies from competing groups through the loyalty expectations of members [19], thereby blocking opportunities for firms to establish cooperation with outside partners, thus reducing the intensity of knowledge transfer, transaction, and absorption between subgroups.



On the whole, the initial stage of subgroup cohesion will be conducive to overall agricultural technological innovation because the combination of cohesion within subgroups and the bridging relationship between subgroups can transfer knowledge and information between subgroups in time. However, as the degree of cohesion of subgroups increases, the subgroup structure has a particular inhibitory effect on the cooperation between agricultural firms, which negatively impacts on agricultural technological innovation. Therefore, this article proposes the following hypothesis:



Hypothesis 2:

The subgroup structure and agricultural technological innovation are in an inverted U-shaped relationship.






2.2.3. The Moderating Role of Position Embeddedness on the Relational Divisive Faultlines and Subgroup Structure


Position embeddedness is an important mechanism that affects the formation of relationships between firms. Firms occupying the central position of a network have competitive advantages in many aspects. Position embeddedness can aggravate the uneven distribution of relationship strength in the network from the following aspects. First, the information advantages of centrally located companies make them more attractive [19]; this attraction contributes to the cohesion of network members [20]. Secondly, the reputation advantage of a centrally located company makes it more reliable, and the role of social supervision reduces opportunistic behavior and maintains cooperation [4]. Finally, the power advantage of a centrally located company gives it the ability to influence and control the relationships between other network members [21,22]. Through the three functions of the implementation of “joint promotion” brokerage behavior, the coordination, and the governance of the relationship between firms, centrally located firms can make the cooperative relationship between firms around them closer. This strengthens the stability of the central/peripheral network structure. The higher the degree of dispersion of position embeddedness, the more likely the formation of multiple cohesive subgroups is with a central/peripheral network structure in a technological innovation network because of the governance role of the focal firm. The central position strengthens the cooperative relationship between firms and maintains the stability of the subgroups. On the contrary, if the position embedding in the network is very concentrated, this shows that the number of relationships among firms is relatively evenly distributed. At this time, it will be difficult to produce a suitable coordinator, and the opportunity cost of network members to withdraw from cooperation will also be reduced. Therefore, in the case of highly discrete position embedding, it is easier to form a subgroup centered on a centrally located company that is composed of strong relationships. Multiple companies in similar central positions are stabilizing their respective subgroups at the same time. The connection between subgroups tends to be broken. The highly discrete nature of the network position strengthens the influence of the relational divisive faultlines on the structure of the subgroups. Therefore, this article proposes the following hypothesis:



Hypothesis 3:

Position embeddedness will adjust the influence of relational divisive faultlines on the subgroup structure. As the degree of dispersion of the overall network position embedding increases, the relational divisive faultlines have a stronger positive effect on forming the subgroup structure.








3. Empirical Study Design


3.1. Data and Sample


The Derwent patent index database (hereinafter referred to as the Derwent database) is an essential database of global patent resources launched by Thomson Reuters. It collects patent information from 41 patent-accepting agencies worldwide. It is an important channel and tool for many scholars to analyze technological innovation in necessary materials or critical fields. For example, Che analyzed important patent information from the wind energy industry based on Derwent’s manual code. It included leading firm technological innovation and product development information and technological comparison information among leading firms [23]. Agricultural technology is the first driving force of agricultural development and the key to food security. In this study, to promote agricultural technological innovation, agricultural technology patents were searched according to the International Patent Classification (IPC) principle. The principle of IPC includes department, division, major category, minor category, major group, and small group; first of all, it is divided into categories. A01 includes agriculture, forestry, animal husbandry, hunting, trapping, and fishing. Second, it is divided according to subcategories. Finally, choose agricultural technology, including A01B, A01C, A01D, and A01F, to search for patents, and download the 2000–2018 agricultural technology patents through the Derwent Innovations Index. Use the data of joint applications for invention patents between firms to build a network of cooperation between organizations. Select the number of joint applications for invention patents between organizations from 2000 to 2018. Exclude universities, research institutes, and other organizations. Combine and encode data.



In the processing of longitudinal data, the method of establishing a time window to reflect the network is usually adopted. Refer to previous research in [7,24]. This article establishes a 5-year mobile time window. Dividing the 2000–2018 data into 14 5-year time windows reflects the technological innovation network. Namely, 2000–2004 (corresponding to the 2005 observation period), 2001–2005 (corresponding to the 2006 observation period), etc., up to 2014–2018 (corresponding to the 2019 observation period). It is used to reflect the 14 observation periods from 2005 to 2019 in this article as the overall technological innovation network is relatively loose. UCINET6.0 software is used to divide the network boundary further. This article obtained a total of 221 technological innovation network samples. The final network number and node distribution of each sub-industry are shown in Table 1.




3.2. Measures


Variable


Agricultural technological innovation: following the research of Chemmanur and Tian, patents are used to measure innovation [25,26]. This article uses the logarithm of agricultural invention patents to measure agricultural technological innovation [27].



Relational divisive faultlines: this article draws on Gibson, Vermeulen, and Heidl’s relational divisive faultlines [28] with the relationship-type divisive faultlines being measured by the discreteness of the strength of the binary relationship in the overall network. First, the year is taken as the unit. The duration of the relationship is used to measure the embeddedness of historical relationships [29] according to a 5-year time window. The historical relationship strength of the member pair (k) in the time window (t) is the sum of the duration of the relationship in the past 5 years (t-5 to t-1). The specific calculation steps are as follows.



First, assign a value to the strength of the relationship and determine the strength of the relationship between the pair of members according to the duration of the relationship. If the relationship between the pair of members only exists for 1 year, assign a value of 1 to the strength of the relationship in the first year, and its historical relationship strength is 1. If the historical relationship between a member pair lasts for 2 years, assign a value of 2 to the strength of the relationship in the second year, and its historical relationship strength is 1+2, and so on. If the relationship between member pairs lasts for 5 years, assign a value of 5 to the strength of the relationship in the fifth year, and its historical relationship strength is 1+2+3+4+5. According to this method, the value range of historical relationship strength between member pairs is 0–15. Second, calculate the standard deviation of the historical relationship strength between all member pairs in each time window. In this way, the dispersion of the strength of the historical relationship within the time window is measured. A standard deviation of 0 indicates that the relationship strength distribution between multiple member pairs is uniform, and the network relationship-type divisive faultline strength is low. The larger the standard deviation indicates that the historical relationship strength is concentrated in a subset of a few member pairs and the higher the strength of the network relationship divisive faultlines.



Subgroup structure: the structure of agglomerated subgroups is expressed in the number of subgroups [30]. Cliques are often seen as an essential tool for analyzing the structure of subgroups in social network analysis [31]. A clique refers to the most extensive complete subgraph containing three points. However in reality, the technological innovation network is relatively sparse [32]; therefore, this article uses N-clique to divide subgroups. N-clique refers to the faction, and the maximum distance between any two points in the network does not exceed N. The best critical point is recognized as N = 2. This article uses the ratio of the number of members of the technological innovation network (network size) and the amount of two-clique subgroups in the network to measure the subgroup structure:


   Subgroup   Structure  =   N e t w o r k   S i z e   N u m b e r   o f   S u b g r o u p s    



(1)







Position embeddedness: centrality is a commonly used index to measure network position in network structure research. This article uses degree centrality to measure the network position of a firm [3]. The greater the degree of centrality of a firm, the more central the firm is in the network, by calculating the standard deviation of the degree centrality of all firm nodes. This can reflect the discrete degree of position embedding in the network. The specific calculation steps are as follows. First, for all members of a particular observation network, measure the degree centrality of all members from t-5 to t-1. Second, by calculating the standard deviation of the centrality of all membership degrees, the position embedding dispersion of the overall network is expressed.



This article refers to existing research to select relevant control variables, ensuring the accuracy of experimental results.



Network size: the larger the network scale, the greater the coordination cost, monitoring cost, and management complexity among members [33]. Therefore, this article controls the network scale by calculating the number of members in the network.



Network density: a densely connected network produces collective cohesion, forms reciprocal norms, and restricts independent behavior [34]. Therefore, under the same network scale, the greater the network density, the closer the connections between members. The calculation formula is as follows:


   Density =    2 L   g  (  g − 1  )     



(2)




where L is the actual relationship number in the network, and g is the number of nodes in the network. Density indicates the ratio of the actual relationship number of the network to all possible relationship numbers in the period t-5 to t-1, and the value range is (0, 1).



Average relationship strength: the strong dual relationship between firms is conducive to strengthening trust and reducing the risk of opportunism. Therefore, the technological innovation network composed of dense and robust relationships has strong social cohesion. The formation of collective reciprocity norms will restrict the behavior of network members [34]. With regards to Heidl’s research, this article controls the cohesion caused by this dense and strong relationship by considering the average relationship strength [4]. There are two main steps to measure the average relationship strength: the first step is to calculate the historical relationship strength of members to k at time t according to a 5-year time window. The second step is to calculate the sum of the historical relationship strengths of all member pairs and divide by the number of member pairs.





3.3. Empirical Model


To verify Hypothesis 1, set the following model:


  S u b g r o u p   S t r u c t u r  e t  = α +  β 1  R e l a t i o n a l   D i v i s i v e   F a u l t l i n e  s  t − 1   +   ∑   j = 1  4   ∂ j  * C o n t r o  l  t − 1    ( j )    +  ε  t − 1    



(3)







To verify Hypothesis 2, set the following model:


  A g r i c u l t u r a l   T e c h n o l o g i c a l   I n n o v a t i o  n t  = α +  β 1  S u b g r o u p   S t r u c t u r  e  t − 1   +  β 2  S u b g r o u p   S t r u c t u r  e  t − 1     2  +     ∑   j = 1  4   ∂ j  * C o n t r o  l  t − 1    ( j )    +  ε  t − 1    



(4)







To verify Hypothesis 3, set the following model:


  S u b g r o u p   S t r u c t u r  e t  = α +  β 1  R e l a t i o n a l   D i v i s i v e   F a u l t l i n e  s  t − 1   +  β 2  P o s i t i o n   E m b e d d e d n e s  s  t − 1   +  β 3  P o s i t i o n   E m b e d d e d n e s  s  t − 1   * R e l a t i o n a l   D i v i s i v e   F a u l t l i n e  s  t − 1   +   ∑   j = 1  4   ∂ j  * C o n t r o  l  t − 1    ( j )    +  ε  t − 1    



(5)




where the variable   S u b g r o u p   S t r u c t u r  e t    represents the subgroup structure at time t; the variable   R e l a t i o n a l   D i v i s i v e   F a u l t l i n e  s  t − 1     represents the strength of the network divisive faultlines at t-1; the variable   A g r i c u l t u r a l   T e c h n o l o g i c a l   I n n o v a t i o  n t    represents the agricultural technological innovation at time t; Control represents the control variable network size, network density, average relationship strength, and several subgroups; and    ε  it     represents a random disturbance item that has nothing to do with the explanatory variable.





4. Empirical Results


4.1. Descriptive Statistics


This article uses STATA 15.1 software for descriptive statistical analysis. Table 2 lists the descriptive statistical results of all variables involved in this article, including sample size, mean, median, standard deviation, and maximum and minimum values.




4.2. Correlation Analysis


Table 3 shows the Pearson correlation analysis results. It can be seen from Table 3 that the correlation coefficients between variables are all less than 0.7. This shows that there is no strong correlation between variables and avoids possible multicollinearity problems.




4.3. Regression Analysis


This part uses empirical methods to construct regression models to test the hypotheses put forward by the research. When testing the moderating effect, the article uses multiple linear regression methods to test the hypotheses. This method is widely used in the organization and management literature [35,36]. In the test of regulation, we used the most commonly used modulated multiple regression to test the moderating effect. When the independent variables and regulatory variables are continuous variables, the independent variables and regulatory variables are standardized first, and then the product term is constructed. The reason for this is that independent variables and moderators are often highly correlated with their interaction terms. The study established five sub-models: Model 1 only verifies the influence of control variables such as network size on the subgroups structure; Model 2 examines the direct influence of relational divisive faultlines on the subgroups structure; Model 3 only verifies the influence of control variables such as network scale on agricultural technological innovation; Model 4 examines the influence of subgroup structure on agricultural technological innovation; and Model 5 examines the moderating effect of position embeddedness. The regression results are shown in Table 4.



	(1)

	
The influence of relational divisive faultlines on the subgroup structure.







Hypothesis 1 of this article is proposed. The relational divisive faultlines caused by the distribution of inter-organizational relations positively affects the structure of subgroups. This can be confirmed by the results of Model 2 in Table 4. Relational divisive faultlines have a significant positive impact on the subgroups’ structure (β = 0.090, p < 0.1). The overall explained variation of the model increased by 2.6% compared to model 1(△R2 = 0.026). Hypothesis 1 is verified.



	(2)

	
The influence of subgroup structure on agriculture technological innovation.







Hypothesis 2 of this article is proposed. The subgroup structure and agricultural technological innovation are in an inverted U-shaped relationship. Table 4 shows the results of Model 4. When all control variables are controlled, the subgroup structure significantly impacts technological innovation (β = 2.517, p < 0.01). In addition, the square term of the subgroup structure has a significant negative impact on agriculture technological innovation (β = –0.366, p < 0.05). This shows that there is an inverted U-shaped relationship between the subgroup structure and agricultural technological innovation. The overall explained variation of the model increased by 5.7% compared with Model 1(△R2 = 0.057). Hypothesis 2 is verified.



According to Model 4, we drew a diagram of the effect of the subgroup structure on agricultural technological innovation. Figure 2 shows that there is an inverted U-shaped relationship between subgroup structure and agricultural technological innovation. The results further support Hypothesis 2.



	(3)

	
The moderating role of positional embeddedness.







Hypothesis 3 of this article is proposed. Positional embeddedness has a moderating effect between relational divisive faultlines and subgroup structure. An increased degree of dispersion of the overall network positional embeddedness means that the relational divisive faultlines have a stronger positive effect on the subgroup structure.



Table 4 shows the results of Model 5. Positional embeddedness has a significant impact on the structure of subgroups (β = –0.256, p < 0.01). The interaction term between positional embeddedness and relational divisive faultlines has a positive effect on the subgroup structure (β = 0.022, p < 0.1). The overall explained variation of the model increased by 21.0% compared with model 2(△R2 = 0.210). This shows that the high positional embeddedness intensifies the influence of relational divisive faultlines on the subgroup structure. Hypothesis 3 is verified.



According to Model 5, we drew a diagram of the moderating effect of positional embeddedness on the relationship between relational divisive faultlines and subgroup structure. Figure 3 shows the case of embedding in a high position. The positive effect of relational divisive faultlines on the subgroup structure is significantly more notable than that of low-position embeddedness (larger slope). The results further support Hypothesis 3.




4.4. Robustness Test


In order to further determine the robustness of the regression results, this article uses variable substitution to test the robustness of the research hypothesis. The existing literature uses the duration of the relationship to measure the strength of the historical relationship between organizations in order to measure the relationship divisive faultlines further. In addition, the strength of historical relationships between organizations can also be measured by the number of collaborations [37]. Therefore, this article uses the number of collaborations to represent agricultural technological innovation for the robustness test. The number of joint applications for invention patents by member pairs (k) in the past 5 years (t-5 to t-1) is used to measure the strength of historical relationships between organizations. To avoid a large number of low-quality and repeated patent applications affecting the measurement results, this article excludes the invention patents that have the same inventors and very similar patent names between the two organizations and only keeps one item to be included in the number of collaborations, similar to the previous article. Once we have calculated the number of joint patent applications of all members in the current time window, then we calculate the standard deviation to measure the relational divisive faultlines. Based on this method, after re-calculating the relational divisive faultlines and performing logarithmic processing, we replaced the previous relational divisive faultlines for regression analysis. The regression results are shown in Table 5.



It can be seen from the results of Model 2 in Table 5 that relational divisive faultlines have a significant positive impact on the structure of subgroups (β = 0.090, p < 0.1). This is consistent with the previous empirical results. It shows that the Hypothesis 1 test results for divisive faultlines and subgroup structure are robust.



In Model 4 in Table 5 is the robustness test of the subgroup structure to agricultural technological innovation. The results of Model 4 are shown. The subgroup structure has a significant inverted U-shaped influence on agricultural technological innovation. The first term of the subgroup structure has a significant positive impact on agricultural technological innovation (β = 2.517, p < 0.01). The square term of the subgroup structure has a significant negative impact on agricultural technological innovation (β = −0.366, p < 0.05). The result of Hypothesis 2 is still supported. It shows that the Hypothesis 2 test results of the subgroup structure on agricultural technological innovation are robust.



It can be seen from the results of Model 5 in Table 5 that positional embeddedness has a positive and significant effect on the subgroup structure (β = −0.253, p < 0.01). The interaction term between positional embeddedness and relational divisive faultlines has a positive effect on the subgroup structure (β = 0.020, p < 0.1). The result of Hypothesis 3 is still supported. In summary, the empirical results show that the Hypothesis 3 testing of position embeddedness is robust.





5. Discussion


Consistent with previous studies [38], our results show that inter-organizational cooperation is an important factor affecting technological innovation; however, based on previous studies, the most important extension of this study is to analyze the relationship between the strength distribution of the binary relationship between organizations in the cooperation network and agricultural technological innovation. This article considers the influence of relational divisive faultlines caused by the strength distribution of binary relationships among organizations in cooperative networks. We find that the relational divisive faultlines affect agricultural technological innovation and food security by forming subgroup structure.



Compared with the existing literature [16,17], our results reflect the relationship between relational divisive faultlines and subgroup structure. The results show that the divisive faultlines caused by the uneven distribution of the strength of the binary relationship among organizations in the cooperative network significantly affect the subgroup structure. A possible explanation is that the uneven distribution of relationship intensity in the inter-organizational network will cause a difference in experience sharing among agricultural firms through direct social interaction [39]. Network members can more clearly perceive the similarities and differences between each other, resulting in “within group” and “outside group” subgroup problems. This kind of strong relationship within the group has strong path dependence and relationship inertia, which will make the local cohesiveness between firms stable for long periods, and is conducive to the stability of the subgroup structure.



Our results also reflect the relationship between subgroup structure and agricultural technological innovation. It is found that the influence of the subgroup structure in the inter-organizational cooperation network on agricultural technological innovation has two sides. On one hand, the formation of subgroups can promote the production of collective social capital. To protect the collective interests within the subgroup, it is easy for members to trust each other and form a normative consensus, which leads to strong social cohesion within the subgroup. This cohesion is conducive to the role of formal and informal governance mechanisms, which promotes knowledge sharing among firms and improves the performance of subgroup cooperative innovation [40]. It is found that subgroup structure positively impacts on agricultural technological innovation in the early stage of formation.



On the other hand, the structural isolation between subgroups will hinder technological innovation among subgroups. The formation of a subgroup structure means that “within group” and “outside group” problems are triggered. As a result, knowledge and information flow tend to flow within subgroups rather than among subgroups. This reduces the strength of knowledge transfer, trade, and absorption among subgroups [41]. It is found that the formation of subgroup structure leads to the obstruction of information flow among subgroups, which has a negative impact on agricultural technological innovation.



Compared with the existing literature [22], it is also found that the position embeddedness of agricultural firms has a moderating effect between the divisive faultlines and the subgroup structure. In a network with a high degree of position embeddedness, the central position firms use their information advantages, reputation advantages, and status advantages [21,42]. This can promote the cohesiveness of the local network and reduce opportunistic behavior, and coordinate and manage the relationship between firms. The central position of firms can make the cooperation between firms around them closer. It enhances the stability of the central/peripheral network structure. Therefore, it is easier to form a strong relationship centered sub group in the case of highly discrete position embeddedness.




6. Conclusions


Agricultural technological innovation is an important guarantee to ensuring food security. At the same time, the government proposes that it should increase investment in agricultural research, promote the broad application of science and technology in agriculture, and promote the innovation of agricultural technology to advance the transformation of traditional agriculture to modern agriculture. In addition, much research has been done on the influencing factors of technological innovation, and few scholars have discussed agricultural technological innovation from the perspective of networks. This article explores how the distribution of binary relationship among network members affects agricultural technological innovation from the perspective of inter-organizational networks. Agricultural technology patents were downloaded from the Derwent patent database, and multiple linear regression was used to test hypotheses. The empirical results show that the direct influence of relational divisive faultlines on subgroup structure is significant. The inverted U-shaped relationship between subgroup structure and agricultural technological innovation is significant; that is, subgroup structure has a positive impact on agricultural technological innovation in the early stage of its formation, and with the formation of subgroup structure, information flow among subgroups is hindered, which has a negative impact on agricultural technological innovation. Position embeddedness has a moderating effect between network faultlines and subgroup structure formation.



The research results provide meaningful guidance for firms in the process of cooperation. As the main body of agricultural technological innovation, firms should fully realize that technological innovation is the core competitive and driving force of sustainable development. To improve innovation efficiency, many firms or organizations form a network through cooperation. The cooperation network of many organizations is like a huge knowledge pool which can provide an essential foundation for firms to access new knowledge for technological innovation. In the process of cooperation, firms should pay attention to the following aspects.



First, when agricultural firms participate in the initial stage of an agricultural technological innovation cooperation network to enhance the possibility of acquiring heterogeneous knowledge, they should cooperate and exchange with closely related agricultural firms as far as possible to obtain convenient conditions for technological innovation from many aspects, such as innovation atmosphere, innovation resources, laws and regulations, and the evaluation of technological innovation achievements. This stimulates the innovation vitality of firms and ensures the technological innovation ability of agricultural firms.



Second, in cooperation, the partner selection preference of the organization members makes the agricultural technological innovation network appear to have a certain degree of local cohesion. Next form subgroups. When the agricultural cooperation network begins to appear in some local subgroups, the information exchange among the subgroups becomes more frequent, which is conducive to the establishment of a strong trust mechanism between agricultural firms and the improvement of knowledge sharing and absorption. At the same time, the appropriate bridging relationship between subgroups introduces the heterogeneous knowledge and resources of different subgroups, and absorbs them through the strong interaction between the members of the subgroups.



Finally, the agricultural firms in the central position can make the cooperation between agricultural firms closer. On one hand, this can promote the stability of the cooperation between agricultural firms and enhance the strength of the relationship between the agricultural technological cooperation network members. This improves the knowledge absorption capacity of agricultural firms, and solves the “action problem” of coordination and governance in agricultural technological innovation networks, On the other hand, it can alleviate the uncertainty risk of cooperation with diverse partners. By contacting and attracting novelty knowledge and information, we can solve the “creative problems” of technological innovation partners.



On the whole, this article has certain theoretical innovations and practical significance. However, this article also has certain limitations. First, the measurement method in this article has certain constraints. The entry and exit of network members will cause fluctuations in the size of the network. This also brings difficulties to the division of network boundaries and affects the measurement results of variables. Second, this article does not consider factors that can influence the partner selection process—for example, the cognition, attitude, and preference of firms as actors. Future research could be considered from the following aspects to explore the influence of key nodes on the effect of divisive faultlines. To a large extent, divisive faultlines affect the results of the network operation by causing subgroup problems “within the group” and “outside the group”. This impact has both positive and negative sides. Solving this subgroup problem and highlighting its positive role and restraining its negative role has become a breakthrough in tackling the effect of divisive faultlines.
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Figure 1. Conceptual Model of this Article. 
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Figure 2. The Effect of the Subgroup Structure on Agricultural Technological Innovation. 
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Figure 3. Interaction of Positional Embeddedness and Relational Divisive Faultlines on Subgroup Structure. 
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Table 1. Network Number and Node Distribution of Each Sub-Industry.
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	Industry Category
	Number of Networks
	Minimum Network Size
	Maximum Network Size
	Average Network Size





	A01B
	41
	4
	10
	6



	A01C
	110
	4
	42
	8



	A01D
	53
	4
	14
	6



	A01F
	17
	4
	7
	5
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Table 2. Descriptive Statistics of Measured Variables.
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	Variable
	N
	Mean
	p50
	sd
	Max
	Min





	Agricultural Technological Innovation
	221
	15.670
	10.000
	16.810
	114.000
	1.000



	Relational Divisive Faultlines
	221
	24.620
	5.357
	67.610
	468
	0.250



	Subgroup Structure
	221
	3.668
	4.000
	1.386
	14.000
	1.750



	Position Embeddedness
	221
	2.827
	2.199
	2.230
	16.88
	0.000



	Network Density
	221
	0.696
	0.450
	0.942
	6.833
	0.043



	Network Size
	221
	6.842
	5.000
	5.971
	42.000
	3.000



	Average Relationship Strength
	221
	2.161
	1.800
	1.418
	10.80
	1.000



	Number of Subgroups
	221
	2.176
	1.000
	2.322
	16.000
	1.000
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Table 3. Correlation Table of Measured Variables.
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	Variable
	1
	2
	3
	4
	5
	6
	7
	8





	Agricultural Technological Innovation
	1
	
	
	
	
	
	
	



	Relational Divisive Faultlines
	−0.064 **
	1
	
	
	
	
	
	



	Subgroup Structure
	0.003
	0.024
	1
	
	
	
	
	



	Position Embeddedness
	0.331 *
	0.015 *
	0.255 *
	1
	
	
	
	



	Network Density
	−0.132
	0.328 *
	0.104
	0.466 *
	1
	
	
	



	Network Size
	0.675 *
	−0.080 **
	−0.103
	0.141 *
	−0.239 *
	1
	
	



	Average Relationship Strength
	0.023 **
	0.268 ***
	0.111
	0.672 *
	0.545 *
	−0.139 *
	1
	



	Number of Subgroups
	0.638 *
	−0.082
	−0.356 *
	0.055
	−0.248 *
	0.952 *
	−0.157 *
	1







Notes: ***, **, and * represent p < 0.01, p < 0.05, and p < 0.1, respectively.
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Table 4. Results of Regression Analysis.
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	Subgroup Structure
	Subgroup Structure
	Agricultural Technological Innovation
	Agricultural Technological Innovation
	Subgroup Structure





	Number of Subgroups
	−0.755 ***
	−0.753 ***
	3.845 ***
	6.412 ***
	−0.690 ***



	
	(−11.01)
	(−11.02)
	−6.02
	−8.71
	(−9.77)



	Network Density
	0.322
	0.252
	−14.712 ***
	−15.833 ***
	1.245 ***



	
	−1.02
	−0.8
	(−5.01)
	(−5.84)
	−2.73



	Network Size
	−2.959 ***
	2.923 ***
	4.761
	−6.025
	2.664 ***



	
	−7.93
	−7.86
	−1.37
	(−1.65)
	−6.93



	Average Position Embeddedness
	0.114
	0.13
	1.624 **
	1.223*
	−0.01



	
	−1.44
	−1.65
	−2.21
	−1.8
	(−0.11)



	Average Relationship Strength
	−0.386 *
	−0.404 **
	6.778 ***
	8.256 ***
	−0.954 ***



	
	(−1.89)
	(−1.98)
	−3.56
	−4.67
	(−3.57)



	Relational Divisive Faultlines
	
	0.090 *
	
	
	0.106 **



	
	
	−1.74
	
	
	−2.07



	Subgroup Structure
	
	
	
	2.517 ***
	



	
	
	
	
	−3.59
	



	Subgroup Structure*Subgroup Structure
	
	
	
	−0.366 **
	



	
	
	
	
	−2.41
	



	Position Embeddedness
	
	
	
	
	0.256 ***



	
	
	
	
	
	−3.09



	Relational Divisive Faultlines*Position Embeddedness
	
	
	
	
	0.022 *



	
	
	
	
	
	−0.72



	_cons
	0.267 **
	0.175 **
	−12.192 **
	−9.371 **
	0.818 **



	
	−0.51
	−0.34
	(−2.52)
	(−1.99)
	−1.46



	N
	221
	221
	221
	221
	221



	F
	28.512
	24.487
	78.219
	71.669
	20.224



	R2
	0.399
	0.407
	0.645
	0.702
	0.635



	△R2
	
	0.026
	
	0.057
	0.210







Notes: Robust standard errors are shown in parentheses; ***, **, and * represent p < 0.01, p < 0.05, and p < 0.1, respectively.
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Table 5. The Results of Robustness Test after Changing the Indicators of Agricultural Technological Innovation.
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	Subgroup Structure
	Subgroup Structure
	Agricultural Technological Innovation
	Agricultural Technological Innovation
	Subgroup Structure





	Number of Subgroups
	−0.755 ***
	−0.747 ***
	3.845 ***
	6.412 ***
	−0.684 ***



	
	(−11.01)
	(−10.92)
	(6.02)
	(8.71)
	(−9.67)



	Network Density
	0.322
	0.301
	−14.712 ***
	−15.833 ***
	1.298 ***



	
	(1.02)
	(0.96)
	(−5.01)
	(−5.84)
	(2.84)



	Network Size
	2.959 ***
	2.919 ***
	4.761
	−6.025
	2.670 ***



	
	(7.93)
	(7.85)
	(1.37)
	(−1.65)
	(6.95)



	Average Position Embeddedness
	0.114
	0.114
	1.624 **
	1.223 *
	−0.029



	
	(1.44)
	(1.46)
	(2.21)
	(1.80)
	(−0.31)



	Average Relationship Strength
	−0.386 *
	−0.393 *
	6.778 ***
	8.256 ***
	−0.934 ***



	
	(−1.89)
	(−1.93)
	(3.56)
	(4.67)
	(−3.50)



	Relational Divisive Faultlines
	
	0.090 *
	
	
	0.104 **



	
	
	(1.75)
	
	
	(2.03)



	Subgroup Structure
	
	
	
	2.517 ***
	



	
	
	
	
	(3.59)
	



	Subgroup Structure*Subgroup Structure
	
	
	
	0.366 **
	



	
	
	
	
	(2.41)
	



	Position Embeddedness
	
	
	
	
	0.253 ***



	
	
	
	
	
	(3.05)



	Relational Divisive Faultlines * Position Embeddedness
	
	
	
	
	0.020 *



	
	
	
	
	
	(0.63)



	_cons
	0.267
	0.098
	−12.192 **
	−9.371 **
	0.718



	
	(0.51)
	(0.19)
	(−2.52)
	(−1.99)
	(1.27)



	N
	221.000
	221.000
	221.000
	221.000
	221.000



	F
	28.512
	24.503
	78.219
	71.669
	20.193



	R2
	0.399
	0.431
	0.645
	0.702
	0.639



	△R2
	
	0.032
	
	0.057
	0.214







Notes: Robust standard errors are shown in parentheses; ***, **, and * represent p < 0.01, p < 0.05, and p < 0.1, respectively.
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