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Abstract: Technological innovation is the key to promote the vigorous development 

of rare earth industry, and is also an important prerequisite for the realization of 

China's industrial modernization. Taking the collaborative innovation process between 

Chinese mining (rare earth) enterprises and external organizations as the research 

object, this paper conducts a diary study for five consecutive months. The results show 

that strong inter-organizational linkage can significantly improve the innovation 

performance of enterprises through collaborative innovation, while weak inter-

organizational linkage will inhibit or even weaken the innovation performance. 

Technological absorptive capacity can enhance the improvement range of inter-

organizational collaborative innovation on firm innovation performance, and this 

mechanism is still significant under the influence of the antecedents of inter-

organizational linkages. The higher the level of strategic information identification is, 

the stronger the effect of technology absorptive capacity on the relationship between 

collaborative innovation and innovation performance will be. But the system on the 

premise of only have low technology absorption capacity Reason suggests relevant 

mining (rare earth) enterprises in collaborative innovation cooperation, due to the 

coupling between cooperation and pay attention to maintain party organization, trying 

to build strong social network relations, and to attach importance to its strategic 
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information recognition and absorptive capacity of system construction, in order to 

break through the thoughts of trade protection technology blockade. 

 

Keywords: Interorganizational association; Enterprise innovation performance; 

Technical absorption capacity; Strategic information identification; Collaborative 

innovation. 

 

1. Introduction 

In China, rare earth is the core of modern industrial development. After more 

than 40 years of development and utilization, it has formed a certain industrial 

scale. However, as the world's largest reserve and producer of rare earth minerals, 

China's rare earth industry is still at the front of the world industrial chain. This 

not only ignores the development advantages brought by resource exploitation 

and environmental pollution, but also hinders the implementation of "Made in 

China 2025".Therefore, the key to promoting the transformation and upgrading 

of China's rare earth industry is to enhance the research and development 

capacity of mining enterprises, especially to strengthen the innovation of rare 

earth application technology. "How to break the innovation bottleneck of mining 

(rare earth) enterprises?"In recent years, it is a hot topic discussed by relevant 

government, enterprises and academic circles. At present, there are mainly two 

ways to break through the innovation bottleneck. First, the independent 

innovation mode, that is, the independent innovation mode in which the 

enterprise increases the investment in innovation or research and development 

to stabilize or improve its innovation ability; But under the back view of economic 

globalization, especially the current trade protectionism looked up, to increase 

investment in innovation, must frequently face the internal resources and 

innovation, the structure contradiction between the input, and considering the 

innovation risk, whether the model is suitable for mining (rare earth) enterprise 

is still not known (HongJun wan-qiu wang and ma, 2019) [1].Secondly, the 

collaborative innovation mode, namely the collaborative innovation mode 

established by enterprises and external organizations on their own initiative, has 

the advantage of being able to optimize the social relationship between 

organizations and realize cross-organizational collaborative innovation with low 

cost investment, thus improving the R&D efficiency and innovation intensity of 

enterprises (Zhang Hua, 2016) [2].Therefore, the collaborative innovation model 

is more conducive to China's mining (rare earth) enterprises to get rid of the 

bottle neck constraint of innovation. 

After reviewing relevant research literature, it is found that most stud ies are keen 
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to explore the influence of collaborative innovation mode on innovation 

performance, while ignoring the action mechanism of situational factors, 

especially empirical studies involving major strategic resource fields such as rare 

earth or sample background are more scarce. Therefore, this study is improved 

from the following aspects: 

First, based on the perspective of strong and weak connections between 

organizations. Previous studies mainly focus on the impact of collaborative 

innovation mechanism on innovation performance, but seldom discuss the impact 

of the strength difference between organizations (Zhang Ningjun et al., 2019) 
[3].Therefore, based on the social network theory, this study attempts to reveal 

the "black box" of the impact of the strength and weakness of inter-organizational 

connections on collaborative innovation and firm innovation performance.  

Second, the situational factors of strategic information identification are 

introduced. In the existing studies, some scholars have confirmed that the 

technology absorption capacity of enterprises will improve the efficiency of 

collaborative innovation transformation of enterprises. However, its research 

design only starts from the technical aspects such as transformation efficiency 

and technology identification, failing to effectively identify the strategic value of 

innovation resources or intelligence (information) (Wu Yanbo et al., 2019) 
[4].Therefore, this study introduces strategic information identification into the 

scope of research, to explore whether the level of strategic information 

identification will enhance the effect of technological absorption capacity on 

innovation performance after enterprises obtain innovation resources through 

collaborative innovation mechanism. 

Thirdly, the empirical sampling method is used to improve the study design. In 

terms of the research design of interorganizational connection or collaborative 

innovation, the previous studies mostly adopted cross-sectional sampling or multi-

time point cross-sectional sampling. However, the social relationship between 

organizations is essentially a cooperative relationship between "people", so cross-

section sampling is easily affected by the psychological state of "people". 

Therefore, the dynamic research design of empirical sampling method is adopted 

to reveal the deep influence mechanism of inter-organizational linkage on firm 

innovation performance in the process of collaborative innovation. 

In conclusion, the research will take the collaborative innovation process of 

domestic mining (rare earth) enterprises as the object, and adopt the empirical 

sampling method to explore how the strong and weak differences between 

organizations affect their innovation performance through collaborative innovation 

cooperation. To examine the second-order moderating effect of the relationship 
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between the absorptive capacity of technology and strategic information 

recognition. 
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Figure 1 Research Model 

 

2. Literature Review 

2.1 Inter-organizational connection Connectivity and Firm Innovation Performance 

Since Granovetter(1973) put forward the concept of "weak connection", no 

consensus has been reached on "the impact of the strength of connection on 

innovation performance", thus giving rise to the "paradox of connection strength" 

(Liu Xueyuan et al., 2016) [5]., represented by Lages, etc. (2009) believe that the 

strong coupling relationship of school, strong coupling will promote enterprise with 

external organizations to build a harmonious cooperative or collaborative 

relationship of mutual aid, in order to enhance the discovery of key technologies 

(knowledge), research and grasp, to promote enterprise's innovation performance 

at the same time, to establish a virtuous cycle of innovation mechanism (de-ming 

zeng, etc.,2019) [6].In contrast, Kraatz et al. (1998) believed that weak linkage 

could enable enterprises to acquire more heterogeneous resources (such as 

technology, knowledge, intelligence information, creativity, etc.), so as to make 

enterprise innovation multidimensional and lay a solid foundation for the growth 

of innovation performance. 

Based on the above differences, the review of previous literature found that there 

are two reasons: one is the strength difference between organizations and the 

incompatibility of innovation modes.According to the research of Zhang Ningjun 

et al. (2019), strong inter-organizational linkages are often more suitable for 

exploitative innovation, while weak inter-organizational linkages are more suitable 

for exploratory innovation (Wang Wei et al., 2019;Jianping Wang and Xiaoyun 

Wu, 2019;Li Ye and Tu Yuejun, 2018).Second, the differentiation of enterprise 

strategy.Due to the large differences in the research sample size, development 

strategy and field of study among different scholars, their dependence on the 



Volume 8 Issue 5 2021 
 

   66 

social network of external organizations, as well as the nature and degree of the 

impact of this connection on innovation, are bound to have large differences (Sun 

Chunxiao and Li Chunyan, 2019;Gao Houbin and Wang Jiangrui, 2019) 
[7,8].According to Granovetter's (1973) classification of inter-organizational 

linkages, the research will be carried out from the perspective of differentiation 

between strong and weak inter-organizational linkages. 

First of all, strong inter-organizational linkage refers to the frequent and intimate 

communication and linkage between enterprises and external organizations, or the 

formation of a relatively solid social network. In the process of interaction with 

external organizations, enterprises contribute resources, trust, unity, mutual 

assistance and forge ahead. For example, from the perspective of trust, strong 

(stable) social network relationships will further shorten the "psychological 

distance" between organizations, and contribute to the realization of cross-

organizational knowledge sharing, resource mutual assistance and other goals, so 

as to improve the efficiency or quality of enterprise innovation (Sun Shiqiang and 

Tao Qiuyan, 2019;Liu Xueyuan et al., 2016). 

Secondly, the weak inter-organizational connection refers to the weak social 

connection between organizations. It will keep a certain distance between 

enterprises and external organizations, so as to obtain corresponding social 

flexibility, so as to reduce the loss of their own technology (knowledge) and 

further seize the other organization's resources to benefit. Although this view has 

been supported and verified by Verhoef et al. (2000), Sun Shiqiang and Tao 

Qiuyan et al. (2019);However, based on the utilitarian principle, there is still no 

consensus on whether the relationship distance formed by the weak 

organizational connection will further evolve into a relation threshold, which is 

contrary to the original intention of the inter-organizational connection. For 

example, Wang Wei et al. (2019) found in a continuous study that the association 

between weak tissues could be caused by 

The failure to control the relationship distance leads to negative phenomena such 

as idle resources among organizations and alienated relationships among 

organizations, thus reducing the innovation performance of enterprises. However, 

Tian Xia et al. (2020) found that in the case of weak inter-organizational linkages, 

relationship gap will lead to inter-organizational gaming and inhibit the growth of 

enterprise innovation performance, or even negative growth  [9]. 

In conclusion, based on the social network theory, strong inter-organizational 

linkages will shorten the inter-organizational "psychological distance" and realize 

the original intention of cross-organizational collaborative innovation, so as to 

improve the innovation performance of enterprises. At the same time, the weak 
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inter-organizational linkage will lead to the alienation of linkage due to the inter-

organizational "psychological threshold", and further inhibit, or even reduce the 

enterprise innovation performance. Based on this, the following research 

hypotheses are proposed: 

H1a: Strong inter-organizational connectivity significantly improves enterprise 

innovation performance; 

H1b: Weak inter-organizational linkages significantly inhibit or weaken firm 

innovation performance. 

2.2 The Mediating Role of Collaborative Innovation 

Collaborative innovation refers to the cross-organizational innovation cooperation 

that organizations carry out with various external organizations through various 

channels. At present, most researches believe that collaborative innovation can 

improve the innovation performance of enterprises by its low cost input and 

complementary effect of resources. However, some scholars found that there was 

some heterogeneity in the results. For example, Wen Qiaotan et al. (2019) found 

in a cross-level study that, based on the background of hierarchical differentiation 

(individual, team and organization), collaborative innovation does not necessarily 

improve enterprise innovation performance [10].In the case of sample 

differentiation, there is also significant difference between the enterprise sample 

and the university (college) sample. Among them, enterprises can significantly 

improve their innovation performance through collaborative innovation. Therefore, 

the relationship between collaborative innovation and innovation performance is 

also controversial. For this reason, after analyzing previous studies, it is found 

that the differences in their conclusions are due to the differences in research 

backgrounds, samples and situational factors. Specifically: 

First, the original intention of collaborative innovation is different.  The original 

intention of collaborative innovation is greatly different due to the different 

organizational nature between enterprises and universities (institutes).The 

essence of enterprises' collaborative innovation is to reduce R&D investment, 

expand innovation channels and improve innovation performance through 

resource complementary effect with cooperative units, which is of strong 

utilitarian nature. However, the collaborative innovation intention of high-

efficiency (institute) and other third-party non-competitive organizations is 

relatively inclined to cultivate high-level talents and create high-quality scientific 

research results through the integration of "industry-university-research", which 

is less utilitarian. 

Second, differences in the strength of interorganizational connections. Reviewing 

the literature, it is a general consensus in the academic community that the 
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strength of the linkage between organizations will affect their collaborative 

innovation efficiency. First of all, the close connection between enterprises and 

collaborative organizations will enable organizations to form a high degree of 

social recognition and a high resource complementarity mechanism, thus 

stimulating the efficiency of collaborative innovation and improving the quality of 

innovation (Zhang Ningjun et al., 2019).Secondly, weak organizational linkages 

can generate resource heterogeneity at a certain relationa l distance, and thus 

temporarily improve innovation performance. However, collaborative innovation 

is a long time cooperation, from the long-term perspective, the set of woven long 

distance or cannot be shortened, there must be some innovation suppressed, thus 

confirming the weak link would inhibit or weaken the cooperative innovation 

between organizations quality of cooperation, and indirectly undermine the 

enterprise innovation performance of growth (shi-qiang sun and qiu-yan tao, 

2019). 

Therefore, based on the utilitarian principle, the collaborative innovation 

cooperation quality between enterprises and collaborative organizations will be 

affected by the antecedent effect of inter-organizational connection, and then 

indirectly affect the innovation performance of enterprises. Specifically, 

strengthening inter-organizational connectivity improves the quality of 

collaborative innovation cooperation, and thus enhances the innovation 

performance of enterprises. However, weak inter-organizational linkages inhibit 

or weaken the effectiveness of collaborative innovation cooperation, and then 

slightly improve or even reduce the innovation performance of enterprises.  Based 

on this, the following research hypotheses are proposed: 

H2a: Enhance inter-organizational connectivity to improve enterprise 

innovation performance through collaborative innovation; 
H2b: Weak inter-organizational linkages inhibit or weaken the innovation 

performance of firms through collaborative innovation. 

2.3 Technology Absorptive Capacity and the Second-Order Moderating Role of 

Strategic Information Recognition 

Technology absorptive capacity refers to the ability of an enterprise to obtain 

relevant information, technology (knowledge) and other resources from outside 

the organization and convert them into enterprise value. Zhao Jianyu et al. (2019) 

found in subsequent studies that technology absorptive capacity has a significant 

promoting effect on enterprise innovation performance. Among them, Wang 

Yuying et al. (2019)[10], Li Jinsheng and Qiao Ying et al. (2019) argued that most 

enterprises that rely on collaborative innovation to improve innovation efficiency 

generally have high technology absorption capacity, and proved that the stronger 

the technology absorption capacity of enterprises, in cross-organizational 
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innovation cooperation such as technology merger and acquisition, collaborative 

innovation, etc., Its innovation dynamic capability will be significantly improved. 

Strategic information identification refers to the ability of an enterprise to identify 

major strategic information such as market changes, technological trends and 

policy adjustments from the information resources such as external information 

and knowledge. If an enterprise has a high level of strategic information 

identification ability, it will be more able to adapt to the complex and changing 

external environment. In other words, through various channels (such as 

collaborative innovation, merger and acquisition, cooperation, etc.), it will acquire 

intelligence information of high strategic value from the outside and use it to 

adjust its own enterprise strategy or product (service) content.  In order to seek 

future market competitiveness (Li Zihanxin and Lu Yahua, 2019 [11];Xiong Li et al., 

2019[12]).This conclusion is also supported by Wu Yanbo and other mainstream 

views. For example, Fu Fenghua et al. (2018) believe that high level of strategic 

information identification will reduce business risks of enterprises. It is also 

proved that the R&D investment efficiency and innovation effectiveness of 

enterprises will be significantly improved when they have both high technology 

absorption capacity and high strategic information identification., however, a few 

scholars such as Li Zihan xin found that high strategic information recognition can 

improve efficiency of enterprise technology transfer, but do not have the 

enterprise for high conversion technology absorption capacity or condition, even 

if have a better strategic information Don't ability, can improve the enterprise 

innovation performance, and put forward "if companies in high technology 

absorption capacity and low strategic information recognition situation, Research 

implications on whether ineffective transformation occurs "(Wei et al., 2018) [13]. 

It can be seen that the relationship between collaborative innovation and 

enterprise innovation performance will be affected by the technological absorption 

capacity of the inner layer of the organization. In other words, enterprises with 

high technology absorption capacity will be able to better transform existing 

technology (knowledge) into enterprise innovation results, otherwise, the 

transformation efficiency is low. At the same time, the enterprise as a information 

obtained in the process of collaborative innovation, technology (knowledge), and 

other resources, not only will be used in the transformation of innovation, more 

available to identify market trends and policy direction in the future, the 

optimization of enterprise strategy plan, to achieve effective resources into high 

strategic product (service), deliver improved enterprise innovation performance, 

on the other hand, It is easy to cause low conversion rate or ineffective conversion. 

In addition, due to the high resource complementarity between organizations, the 
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collaborative innovation quality of strong inter-organizational linkages will also 

meet or even exceed expectations. However, although the link between weak 

tissues may gain short-term benefits through resource extraction, it is also 

difficult to maintain this approach. Considering the interference of inter-

organizational linkages, this study will examine the moderating mediating effect 

of technological absorptive capacity and strategic information identification on the 

relationship between inter-organizational linkages, collaborative innovation and 

firm innovation performance. Based on this, the following research hypotheses 

are proposed: 

H3: Technology absorptive capacity moderates the positive rela tionship between 

collaborative innovation and enterprise innovation performance. 

H4: Strategic information identification plays a significant second-order 

moderating role in the moderating effect of technology absorptive capacity on 

collaborative innovation and enterprise innovation performance. 

H5: Technical absorptive capacity and strategic information identification play a 

significant second-order mediated role among inter-organizational linkage, 

collaborative innovation and enterprise innovation performance. 

 

3. Research Design 

3.1 Research Object and Plan 

Based on China's large mining (rare earth) enterprise technology research and 

development team as the research sample, by observing its research and 

development team (in the organization team) and collaborative organization 

(outside the organization team) between the collaborative innovation process, to 

reveal the strength of the connection between organizational difference 

perspective, collaborative innovation can breakthrough technology research and 

development of rare earth bottleneck. The specific research design is as follows: 

(1) Sample sources and experimental requirements. With the help of alumni 

associations and MBA alliances of many well-known universities in China, the 

research has gained the support of 83 large mining enterprises. After eliminating 

the samples not involved in the rare earth field in the business scope and the 

samples not currently engaged in the collaborative innovation of rare earth 

technology with external organizations, we obtained the support of 294 R&D team 

leaders from 64 mining enterprises (rare earth), and carried out subsequent 

research and development experiments based on this. 

(2) Preparation for the preliminary experiment. Based on the social network 

theory and by referring to the scale data and practices in previous studies, the 

corresponding variable observation scale was constructed. After the preliminary 



Volume 8 Issue 5 2021 
 

   71 

investigation (basic reliability and validity test), the formal experimental scale and 

experimental plan were prepared. 

(3) Experimental form and arrangement. The experiment was carried out in the 

diary observation mode using the empirical sampling method, and the specific 

experimental form was divided into two steps: Step one, one week prior to the 

formal experiment, explain the process of experiment subjects (including text and 

video class two forms of material), in order to ensure its process, requirements 

and standards of the whole experiment has better cognition, at the same time, to 

collect his personal and enterprise's relevant demographic information, and fill in 

the absorptive capacity of scale and strategic information identification scale.  Step 

2. After the start of the experiment, subjects will fill in the intertissue-association 

scale at 9:00 am on the first working day of the beginning of the month for 5 

consecutive months. Secondly, the collaborative innovation scale was filled out at 

4:00 PM on the last working day of the end of the month. Finally, considering the 

lag of innovation performance, the enterprise innovation performance scale will 

be evaluated at 4:00 p.m. on the last working day of the next month according 

to the actual innovation effect of the previous month. In addition, the time limit 

for all the above measurements is 10 minutes. 

After the formal experiment was completed, the sample experimental data were 

standardized. Finally, the effective data of 261 leaders of research and 

development teams from 53 mining (rare earth) enterprises were obtained 

(sample loss rate was 10.92%). In terms of enterprise nature, a total of 203 

subjects came from private enterprises, foreign-funded enterprises and joint 

ventures. In terms of professional qualifications, 68.58% of the subjects have 

more than 5 years of professional work experience, and 81.99% of the subjects 

have master's or above education background. 

3.2 Measuring Tool 

The observation scales used in this study were all composed of mature scales. To 

take into account the local situational factors, all the scales were used after pre-

investigation and verification. In addition, except for the control variables, the 

observation scales used were all Likert 7-point scale for observation. 

(1) Interorganizational connection. Strong interorganizational association was 

observed using the scale developed by Yli-Renko et al. (2001). For example, "Our 

unit and cooperative unit will help each other as much as possible.  And share 

relevant information or resources ", "there are good communication channels and 

feedback channels between our unit and cooperative units" (Cron Bach's 

α=0.888).The connection between weak tissues was observed using the scale 

developed by Sun Shiqiang and Tao Qiuyan (2019). For example, "there is only 
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formal communication between our unit and the cooperative unit.  That is, there 

is less informal communication ", "Our unit does not intend to maintain a long -

term cooperative relationship with the cooperating units", etc. (Cron Bach's 

α=0.861). 

(2) Enterprise innovation performance. The scale developed by Zhang Yuming et 

al. (2019)[14] was used for observation, including 6 items (Cronbach's α=0.925), 

such as "the development efficiency and quality of new technology (new project) 

in our unit showed a relatively stable growth trend". 

(3) Collaborative innovation. The scale developed by Wen Qiaotan et al. (2019) 

was used for observation, such as "we have formed high coordination or tacit 

cooperation between us and the collaborative organization", "the products 

(services) jointly developed by us and the collaborative organization,", "We have 

established a stable, close and trusted collaborative relationship with cooperative 

organizations", etc. (Cronbach's α=0.928). 

(4) technical absorption capacity. The scale developed by Wen Qiaotan et al. 

(2019) was used for observation, such as "our unit can quickly integrate new 

technology (knowledge)", "our unit attaches great importance to the introduction 

of new technology (knowledge)" and so on, a total of 7 items (Cron Bach's 

α=0.892). 

(5) Identification of strategic information. The scale developed by Wu Yanbo et 

al. (2019) was used for observation, such as "we can keenly identify valuable 

strategic information", "our unit can quickly make corresponding responses 

according to the market strategic information, such as product development, 

market promotion, etc." (Cronbach's α=0.840). 

 

4. Research Results 

4.1 Descriptive Analysis Tests 

It can be seen from Table 1 that the correlation coefficients between variables at 

the intra-organizational level and inter-organizational level are all significant 

within the threshold range, and the VIF values of major variables are all below 

10, indicating that the influence of multicollinearity among variables is small.  In 

addition, according to the practice of Lance et al. (2000) [15], the variance test 

was carried out on the incomplete recovered samples (i.e., 33 invalid samples), 

and the results proved that the incomplete samples did not have an obvious effect 

of response bias on individual traits. 
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Table 1 Descriptive Analysis Results 

 M SD 1 2 3 4 5 6 

Intra-

organizational 

Level (N=261) 

        

1.Enterprise 

Property 
2.08 0.79       

2.Professional 

Qualifications 
3.77 0.76 0.11***      

3.Job Level 1.69 0.82 0.31*** 
-

0.40*** 
    

4.Education 

Background 
3.36 0.77 -0.04 0.13*** 

-

0.60*** 
   

5.Technology 

Absorptive 

Capacity 

2.76 1.24 0.02 0.01 -0.042 0.067** (0.54)  

6.Strategic 

Information 

Identification 

3.02 1.24 0.03 0.01 -0.007 0.048* 0.04*** (0.57) 

Inter-

organizational 

Level (N=1305) 

        

1.Strong Inter-

organizational 

Linkage 

2.29 1.22 (0.61) [46%]     

2.Weak Inter-

organizational 

Linkage 

4.49 1.09 
-

0.34*** 
(0.60) [48%]    

3.Collaborative 

Innovation 
1.83 0.74 0.25*** 

-

0.24*** 
(0.69) [52%]   

4.Corporate 

Innovation 

Performance 

2.16 0.81 0.24*** 
-

0.33*** 
0.34*** (0.71) [39%]  

Note: ***, ** and * are significant above 0.001, 0.01 and 0.05 respectively (the same 

below). The coefficient in brackets is the AVE value of the corresponding variable, and 

the interpretation rate of the individual variance of the corresponding variable is in the 

middle brackets. 

4.2 Discriminant Validity Test 

According to the results of Harman's single factor test, the explanation rate of 

square deviation after rotation of the first factor is 24.66%, which meets the 

threshold constraint of less than 50%, indicating that the interference of common 



Volume 8 Issue 5 2021 
 

   74 

method deviation is low. Secondly, the intra-individual variance interpretation rate 

of each variable at the inter-organizational level ranged from 39% to 52%, 

indicating that the major variables such as inter-organizational linkage had 

significant hierarchical differences, which was suitable for cross-layer analysis. 

Finally, MCFA analysis (as shown in Table 2) shows that the six-factor model has 

the best goodness of fit, which indicates that the theoretical model proposed in 

this study has good discriminative validity. 

Table 2 Confirmatory Factor Analysis Results 

  X2 df CFI RMSEA SRMR 

Six-

factor 

Model 

(X1,X2,M,W,Z,Y) 1082.675 382 0.977 0.038 0.045 

Five-

factor 

Modelb 

(X1,X2,M,W+Z,Y) 2693.412 388 0.925 0.068 0.060 

Five-

factor 

Modela 

(X1+X2,M,W,Z,Y) 3039.312 390 0.914 0.072 0.084 

Four-

factor 

Model 

(X1+X2,M,W+Z,Y) 4586.113 395 0.864 0.089 0.090 

Three-

factor 

Model 

(X1+X2+M,W+Z,Y) 8028.890 399 0.753 0.121 0.132 

Single 

Factor 

Model 

(X1+X2+M+W+Z+Y) 12746.729 406 0.600 0.153 0.210 

Note: X1= strong inter-organizational connection, X2= weak inter-organizational 

connection, M= collaborative innovation, Y= enterprise innovation performance, W= 

technology absorptive capacity, Z= strategic information identification (the same 

below). 

4.3 Hypothesis Testing 

In order to test the deep influence mechanism of the difference between the 

strength and weakness of organizational connections on the innovation 

performance of enterprises, the research refers to the practices of Hayes(2013), 

Fang Jie and Wen Zhonglin (2018), Cao Man and Zhao Shuming et al. (2019)[16], 

and conducts multi-layer nested analysis through HLM 6.0 and other software.The 

results are as follows: 
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Table 3 Results of Hypothesis Testing 

 Enterprise Innovation Performance 

 M1 M2 M3 M4 M5 M6 M7 M8 

Fixed Effect::         

Enterprise Property 
-0.066 

(0.051) 

-0.065 

(0.042) 

-0.051 

(0.047) 

-0.053 

(0.041) 

-0.024 

(0.042) 

-0.035 

(0.043) 

-0.054 

(0.045) 

-0.056 

(0.041) 

Professional 

Qualifications 

-0.035 

(0.051) 

-0.031 

(0.045) 

-0.035 

(0.048) 

-0.033 

(0.045) 

-0.036 

(0.047) 

-0.021 

(0.046) 

-0.029 

(0.046) 

-0.026 

(0.043) 

Job Level 
0.089 

(0.073) 

0.109 

(0.059) 

0.087 

(0.066) 

0.103 

(0.056) 

0.091 

(0.058) 

0.100 

(0.058) 

0.103 

(0.065) 

0.112 

(0.055) 

Education Background 
0.064 

(0.062) 

0.065 

(0.050) 

0.050 

(0.058) 

0.053 

(0.050) 

0.040 

(0.051) 

0.004 

(0.050) 

0.062 

(0.055) 

0.060 

(0.048) 

Strong Inter-

organizational Linkage 

0.266**

* 

(0.033) 

 

0.185**

* 

(0.031) 

   

0.182**

* 

(0.030) 

 

Weak Inter-

organizational Linkage 
 

-

0.340**

* 

(0.036) 

 

-

0.273**

* 

(0.053) 

   

-

0.259**

* 

(0.034) 

Collaborative 

Innovation 
  

0.287**

* 

(0.030) 

0.269**

* 

(0.032) 

0.340**

* 

(0.030) 

0.301**

* 

(0.032) 

0.259**

* 

(0.031) 

0.241**

* 

(0.033) 

Technology Absorptive 

Capacity 
    

-

0.109**

* 

(0.032) 

-

0.111**

* 

(0.036) 

-

0.105**

* 

(0.035) 

-

0.074**

* 

(0.034) 

Technology Absorptive 

Capacity*Collaborative 

Innovation 

    
0.031* 

(0.028) 

0.037 

(0.030) 

0.035 

(0.030) 

0.025 

(0.029) 

Strategic Information 

Identification 
     

-0.032 

(0.040) 

-0.038 

(0.040) 

-0.018 

(0.038) 

Strategic Information 

Identification*Collabora

tive Innovation 

     
-0.065* 

(0.035) 

-0.060 

(0.034) 

-0.057 

(0.033) 

Technology Absorptive 

Capacity*Strategic 

Information 

Identification 

     
0.061* 

(0.036) 

0.071* 

(0.036) 

0.060 

(0.034) 

Technology Absorptive 

Capacity*Strategic 

Information 

Identification*Collabora

tive Innovation 

     
0.073** 

(0.025) 

0.066* 

(0.023) 

0.065** 

(0.022) 

Random Effect:         

Between-group 

Variance 
0.118 0.091 0.104 0.086 0.098 0.096 0.090 0.081 

Within-group Variance 0.817 0.789 0.753 0.726 0.776 0.768 0.746 0.720 

Pseudo R2level1 0.250 0.260 0.280 0.291 0.268 0.272 0.282 0.302 

Pseudo R2level2 0.167 0.177 0.200 0.211 0.186 0.190 0.201 0.226 

X2 441.240 403.283 431.658 407.074 416.976 410.435 403.492 393.759 
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Note: The standard errors of the corresponding coefficients are shown in brackets (the 

same below).The calculation of Pseudo R2 was based on the formula of Snijders & 

Bosker(1999). 

Table 4 Mediation Effect test Results 

 Direct Effect Indirect Effect Total Effect 

X1->M->Y 
0.177*** 

[0.124,0.229] 

0.077*** 

[0.053,0.104] 

0.254*** 

[0.201,0.307] 

X2->M->Y 
-0.277*** 

[-0.328,-0.227] 

-0.067*** 

[-0.093,-0.045] 

-0.345*** 

[-0.396,-0.294] 

Note: CI = 95%. 

(1) Direct effect test. According to the results of M1-M2 column in Table 3, the 

strength difference of inter-organizational linkages will have a significant impact 

on the innovation performance of enterprises. Among them, strong inter-

organizational linkages can positively affect firm innovation performance 

(γ=0.266, P&lt;0.001), and the association between weak tissues was reversed 

(γ=-0.340, p&lt;0.001), therefore, hypothesis H1 is supported. 

(2) Mediating effect test. According to the results of M3-M4 and Table 4 in Table 

3, the strength and weakness of inter-organizational linkages will further 

determine the growth of enterprise innovation performance through its impact on 

collaborative innovation. Among them, strong inter-organizational connectivity 

can improve inter-organizational collaborative innovation efficiency, so as to 

improve enterprise innovation performance (γ=0.077， CI=[0.053, 0.104]);On the 

other hand, weak inter-organizational linkage will inhibit or even reduce the inter-

organizational collaborative innovation quality, thus destroying the growth trend 

of firm innovation performance (γ=-0.067, CI=[-0.093, -0.045]), so hypothesis H2 

is supported. 

(3) Moderation effect test. According to the results of M5 in Table 3, technology 

absorption capability can significantly adjust the positive impact of inter-

organizational collaborative innovation on enterprise innovation performance 

(γ=0.031, P&lt;0.05);In other words, the stronger the technology absorptive 

capacity is, the higher quality, high efficiency or low loss rate of the technology 

(knowledge) acquired by the enterprise through collaborative innovation can be 

transformed into the enterprise's innovation performance, while the lower the 

technology absorptive capacity is, the faster growth of the enterprise's innovation 

performance cannot be achieved. Therefore, the hypothesis of H3 is supported. 

Secondly, in order to examine the second-order moderating effect of strategic 

information identification on technology absorptive capacity, based on the model 

in column M5, the study included strategic information identification and its 
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reciprocal terms in the model for testing. According to the results in column M6 

in Table 3,Strategic information identification can further influence the 

moderating effect of technology absorptive capacity on collaborative innovation 

and firm innovation performance (γ=0.073);In other words, the higher the level 

of strategic information identification is, the better the enterprise can use its own 

technology absorption capacity to strengthen the growth of enterprise innovation 

performance brought about by collaborative innovation cooperation. Therefore, 

hypothesis H4 is supported. 

(4) Moderated mediating effect test.On the basis of the model of column M6, the 

two dimensions of inter-organizational linkages are included respectively, and the 

intermediate and intermediate effects of the modulated linkages should be 

checked. According to the results of column M7-M8 in Table 3, inter-organizational 

collaborative innovation can improve the innovation performance of enterprises 

from the perspective of the difference in the strength of inter-organizational 

linkages. Moreover, technology absorptive capacity can significantly regulate the 

process, but the mechanism will be affected by the second-order regulation of 

strategic information recognition. In addition, in order to examine the indirect 

effect of the model, the "boot-pulling method" was adopted by referring to 

Edwards et al. (2007), Cao Man and Zhao Shuming et al. (2019), in which the 

total effect was tested by increasing or decreasing one standard 

deviation .According to the result of table 5 shows that no matter what dimensions 

of the connection between the organization, high technology absorption capacity 

and strategic information identification were able to significantly second order 

regulation, but in the low technology absorption capacity and high strategy under 

the condition of information identification, the effect is not significant, that 

strategic information recognition mechanism to the promotion of enterprise 

innovation performance effect, Still build in the enterprise with a certain technical 

absorption capacity under the premise. 

Table 5 Test result of mediating effect with second-order adjustment 

Independent 

Variable 

Adjusted Variable   

(technology 

absorptive 

capacity) 

Second-order 

Regulatory 

Variables (strategic 

information 

identification) 

Effect 

Size 

Confidence 

Interval 

(95%) 

Strong Inter-

organizational 

Linkage 

(-1 S.D.) (-1 S.D.) 0.267*** [0.198,0.335] 

(-1 S.D.) (+1 S.D.) 0.088 
[-

0.031,0.208] 

(+1 S.D.) (-1 S.D.) 0.412*** [0.279,0.545] 
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(+1 S.D.) (+1 S.D.) 0.477*** [0.395,0.559] 

Weak Inter-

organizational 

Linkage 

(-1 S.D.) (-1 S.D.) 0.247*** [0.177,0.316] 

(-1 S.D.) (+1 S.D.) 0.067 
[-

0.053,0.187] 

(+1 S.D.) (-1 S.D.) 0.421*** [0.289,0.553] 

(+1 S.D.) (+1 S.D.) 0.479*** [0.397,0.562] 

 

5. Qualitative Comparative Analysis (QCA) 

Taking Chinese mining enterprises (rare earth) as a sample, this paper studies 

the collaborative innovation process between them and other organizations. It is 

found that the strength difference between organizations, the ability to absorb 

technical energy and the ability to identify strategic information all affect the 

growth of innovation performance of enterprises. However, after the quantitative 

analysis, "why did the innovation performance of mining (rare earth) enterprises 

break through?"", "Which of the many influencing factors is more important? 

However, the problem has not been effectively answered. For this reason, the 

research refers to the practices of Zhang Chi et al. (2017), Du Yunzhou and Jia 

Liangding (2019)[16] and adopts qualitative comparative analysis (QCA) to carry 

out strategy combination analysis on enterprise innovation performance. 

5.1 Data Calibration 

Referred to the views of Du Yunzhou, Jia Liangding (2019) and Yi Ming et al. 

(2018), the study set the five variables of the two dimensions of inter-

organizational connectivity, collaborative innovation, technological absorptive 

capacity and strategic identification ability as antecedent conditions, and 

calibrated them one by one according to the criteria of complete non-

subordination, complete subordination and median value (as shown in Table 6). 

Table 6 Calibrated Values for Each Construct 

 
Fully 

Affiliated(0.95) 
Median(0.5) 

Not Affiliated at 

All(0.05) 

Strong Inter-organizational 

Linkage 
5.00 2.00 1.00 

Weak Inter-organizational 

Linkage 
6.00 4.75 1.00 

Collaborative Innovation 5.00 2.00 1.00 

Technology Absorptive 

Capacity 
6.00 2.57 1.00 

Corporate Innovation 

Performance 
5.00 2.00 1.00 
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Strategic Information 

Identification 
6.00 3.00 1.00 

Note: Because the control variables do not have good explanatory power, they are 

excluded. 

5.2 QCA Analysis Results 

After constructing the truth table of enterprise innovation performance, the 

consistency standard of the model and the number of cases are set based on the 

constraints of 0.8 and 1. The results are shown in Table 7. Two game combination 

configurations are obtained, and their consistency is 0.864 and 0.877 respectively 

(both higher than the threshold value of 0.75).The coverage rate of the total 

sample analysis reached 82.6%, which indicated that the strategy combination 

had a good explanatory power. Overall: 

First of all, in Configuration 1, collaborative innovation and connection with weak 

organizations are the core items, while strategic information identification and 

technology absorption capacity are auxiliary conditions, indicating that cross-

organizational collaborative innovation of enterprises can improve their innovation 

performance without the influence of the connection between weak organizations. 

However, this effect is only significant when the absorptive capacity of technology 

and the identification of strategic information are not considered. Therefore, this 

conclusion further confirms the hypothesis of H1, and also positively responds to 

the views of Wang Wei et al. (2019). 

Secondly, in Configuration 2, strong inter-organizational linkage, collaborative 

innovation and strategic information identification are the core conditions, and 

technological absorptive capacity is the auxiliary conditions, indicating that in the 

context of strong inter-organizational linkage, collaborative innovation will further 

improve enterprise innovation performance through the assistance of strategic 

information identification and technological absorptive capacity.  Therefore, this 

conclusion also confirms the conception of Wei et al. (2018), and is a favorable 

support for the hypothesis of H3 and H4. 

Table 7 Antecedent Conditional Configuration of Enterprise Innovation Performance 

configuration Configuration 1 Configuration 2 

Strong interorganizational bond  ● 

Weak intertissue connection ◎  

Collaborative innovation ● ● 

Technological absorptive capacity ◎ ● 

Strategic information identification ◎ ● 

consistency 0.864 0.877 

Original coverage 0.046 0.079 
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Net coverage 0.290 0.322 

Overall scheme consistency 0.369 

sOverall program coverage 0.826 

Note: ● and ● represent the existence of conditions, respectively; ◎ and ◎ represent 

the absence of conditions, respectively; blanks represent the existence or absence of 

conditions in the configuration mode. ● and ◎ are the core conditions, and ● and ◎ 

are auxiliary conditions.The core element is defined as the condition that occurs 

simultaneously in the intermediate solution and the concise solution, and the auxiliary 

condition is only one of them. 

 

6. Research Conclusion and Prospect 

6.1 Research Conclusions 

Based on social network theory to our country mining industry (rare earth) 

enterprise collaborative innovation process as the object of study, discusses the 

differences in the strength of the connection between organizations and 

enterprises innovation mechanism of the influence of performance improvement, 

and at the same time examines the intermediary impact mechanism of the 

cooperative innovation, and technology absorption capacity and strategic 

information identification with second order adjustment. The results show that 

the strength and strength of interorganizational connections have different 

significant effects on collaborative innovation, and further affect the innovation 

performance of firms. At the same time, the second-order moderating effect of 

technology absorptive capacity and strategic information identification is 

significant. Therefore, the following research conclusions can be drawn: 

First, the influence mechanism of inter-organizational linkage on firm innovation 

performance. In the process of collaborative innovation of mining (rare earth) 

enterprises, the growth rate of innovation performance wil l change due to the 

difference of the strength of the connection between organizations, that is, the 

stronger the connection between enterprises and collaborative organizations is, 

the greater the growth rate of innovation performance will be; otherwise, the 

growth rate will be limited, and even the negative growth of innovation 

performance will be caused by the waste of resources and other factors.  This 

indicates that the strength difference between organizations will affect the 

collaborative innovation or quality between them and collaborative organizations, 

and thus further affect the innovation performance of enterprises. 

Second, the second-order adjustment mechanism between technology absorptive 

capacity and strategic information recognition. According to according to the 

results of the study, the enterprise of technology absorption capacity, the better, 
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the more able to collaborative innovation acquired resources, more efficient and 

quality into innovation performance, at the same time, if the enterprise better 

strategic information identification consciousness or ability, which can be further 

strong technique effect of absorptive capacity on innovation performance 

improvement; On the contrary, the real role of collaborative innovation 

mechanism cannot be effectively played in the situation that enterprises do not 

have good strategic information identification elements or have high strategic 

information identification level but do not have high technology absorption 

capacity. 

6.2 Theoretical Contribution 

Firstly, the negative effect of weak intertissue association is elucidated. In market 

economy environment under the background of globalization, companies are 

needed to build strong social networks, with stable solid existing market position 

or for the future market competitive advantage, especially for mining (rare earth) 

enterprise, more need to be united since everything is advantageous to the 

enterprise value promotion organization, to fight the thoughts of trade protection 

on its impact. The conclusion of the study confirms that, in the process of 

collaborative innovation, strong inter-organizational linkages can help firms obtain 

more innovation resources to improve their own strength. At the same time, it is 

found that the weak inter-organizational linkage is not only not beneficial to the 

enterprise innovation, but even goes against the original intention of collaborative 

innovation due to resource depletion. This conclusion clarifies the negative 

influence mechanism of weak tissue association and further fills in the research 

blank of weak social network relationship. 

Secondly, it reveals the "black box" of situational influence on strategic 

information identification. Reviving the article, most scholars believe that 

technology absorptive capacity will significantly affect the actual results of 

enterprise collaborative innovation. However, according to the conclusion of the 

study, enterprises with both high strategic information identification and 

technology absorption capacity will be able to better improve their innovation 

performance. However, the enterprises with only high technology absorptive 

capacity are still inferior to those with high strategic information identification in 

terms of the improvement range of actual innovation performance. The reason is 

that although enterprises can carry out technological transformation more 

efficiently, they are weak in identifying major strategic information such as market 

trends and political policy trends. Therefore, they may not be able to respond to 

market changes quickly, thus restricting enterprise innovation. This conclusion is 

also a revalidation of Wei et al. 's views, and further reveals the "black box" of 
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situational influence on strategic information identification. 

6.3 Management Countermeasures and Suggestions 

First, strengthen the degree of external connection and improve the innovation 

performance of enterprises. At present, China's mining (rare earth) enterprises 

are suffering from low-end lock-in, trade protectionism and other factors. If they 

want to "survive and seek strong" in this environment, they need to make use of 

the existing resource advantages to break through low-end lock-in through 

innovation. Therefore, mining (rare earth) enterprises timely change the concept 

of independent research and development, and turn to try or adopt cost-effective 

collaborative innovation mode to carry out collaborative innovation;  Through a 

series of means (such as merger and acquisition, cross-shareholding, resource 

complementarity, etc.), the synergistic relationship between enterprises and 

collaborative organizations is strengthened, and the social network system with 

strong inter-organizational connection is constructed, so as to effectively utilize 

the synergistic effect of cross-organizational knowledge sharing and resource 

sharing, and improve the innovation performance of enterprises. 

Second, enhance strategic identification and improve the quality of technological 

transformation. China's mining (rare earth) enterprises should comprehensively 

evaluate their strategic information identification and technology absorption 

capacity in order to avoid the problems of idle technology (knowledge), difficult 

to transform or ineffective transformation. Therefore, it is suggested that related 

enterprises should optimize the relationship structure or operation mechanism in 

the organization comprehensively, take high-quality technology transformation as 

the purpose, rationally allocate the resources in the organization, and build a high 

level of intra-organizational technology absorption capacity. At the same time, 

strengthen market research, build a decision-making platform or mechanism 

integrating intelligence information collection, analysis and decision-making 

functions, so as to enhance the ability of strategic information identification within 

the organization, so as to realize the original intention of the enterprise of 

"synergy must innovate, innovation must make profits". 

 

6.4 Research Deficiency and Enlightenment 

Based on the perspective of social network theory and the second-order 

situational factors of technology absorptive capacity and strategic information 

identification, the dynamic sampling paradigm of empirical sampling method was 

used to conduct a diary study for five consecutive months. Although this approach 

avoids the limitations of static sampling in previous studies, there are still some 

deficiencies and limitations, such as the sample size, representativeness and 
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region of the study sample, there are still some deficiencies or inadequacies.  In 

the future, the sample size and geographical scope will be expanded for further 

research. 
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