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Abstract: This paper uses the panel data of 55 universities from 2015 to 2017 in China as research 
objects to analyze and reveal how university-industry collaboration (UIC) is influenced by its 
breadth and depth. The Empirical results show: There is an inverted U-shaped relationship between 
the breadth of UIC channels and the scientific research performance of universities; There is a 
positive correlation between the depth of UIC channels and the research performance of universities; 
The depth of industry-university cooperation channels can weaken the inverted U-shaped 
relationship between breadth and research performance of colleges and universities, making it 
become a positive correlation. The findings provide a theoretical reference for universities to 
optimize their collaboration strategy. 

1. Introduction 
As two basic divisions of society, education and industry have different responsibilities for social 

development. As an integral part of society, their development should be closely related, instead of 
being separated. 

The Outline of the National Medium- and Long-Term Science and Technology Development 
Plan (2006-2020) clearly states that present stage emphasizes the promotion of the combination of 
industry and education, encourages and supports enterprises, universities and research institutes to 
jointly establish research and development institutions, industrial technology alliance, such as 
technology innovation system, and regard them as a breakthrough to comprehensively promote the 
construction of national innovation systems. 

In the “Key Points for Work of the Department of Higher Education of the Ministry of Education 
in 2019”, it is stated that the “Six Excellence and Top Ten” program 2.0 should be fully 
implemented, which emphasizes that the industry-university cooperation and education project 
should be used as a platform to bring together 600 enterprises to support 20,000. The project 
promotes cooperation in running schools, cooperative education, cooperative employment, and 
cooperative development, and continuously improves the long-term mechanism for the integration 
of production, and education. 

In 1906, American engineer Hermann Schneider first proposed “cooperative education” at the 
University of Cincinnati, and strongly advocated the cooperation between universities and local 
enterprises, and cultivated engineering and technical personnel by means of “work-and-learning”. 
Until the 1980s, industry-university cooperation (UIC) has become a mainstream mode for 
technological innovation in the world, especially in high-tech fields. It is also a mature experience 
in the combination of technology and economy in today's economically developed countries. 

Although UIC has good traditions and rich experience abroad, the development time in China is 
not long. In 1992, the State Economic and Trade Commission, the State Education Commission and 
the Chinese Academy of Sciences jointly organized the implementation of production, research and 
research projects. Although this has indeed promoted the process of applying the high-tech 
development of traditional industries in China, it has enhanced the independent innovation 
capability of enterprises and promoted the transformation of scientific achievements and high-tech 
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industrialization. However, whether universities can simultaneously consider “scientific research” 
and “social services” has been controversial at home and abroad. Whether the current UIC mode 
will have a negative impact on the scientific research performance of universities is the main 
problem explored in this paper.  

On the one hand, some scholars believe that in the school-enterprise cooperation, enterprises will 
delay the publication of scientific papers in order to chase commercial profits[1], or the energy of 
universities will be dispersed[2], which will have a negative impact on scientific research 
performance. On the other hand, some scholars believe that UIC can not only make breakthroughs 
in scientific research in universities, but also bring back problems after the results of scientific 
research are brought into practice, thereby promoting the growth of scientific research 
performance.[3,4] At the same time, we find that these studies often only refer to the influence of 
partial conditions on scientific research performance, and cannot describe the overall influence. 
Therefore, the conclusions are not perfect. 

In recent years, scholars have gradually begun to consider multiple UIC channels at the same 
time to study the impact of their simultaneous effects. For example, Bekkers et al. distinguished 
several different technology transfer channels between universities and enterprises, and found that, 
compared with traditional patent sales and licensing and derivative enterprises, universities' more 
frequent participation channels include consulting and contract research, joint research, and training, 
etc.[5] Grimpe et al. studied the role of formal and informal channels of UIC in innovation.[6] The 
whole is closer to the actual study of the relationship between UIC and university research 
performance. 

This paper refers to the research of Laursen and Salter. When analyzing the integrity of UIC 
channels, the scope and depth of multiple UIC channels are expressed by two basic dimensions: 
breadth (defined as the number of UIC channels) and depth (defined as the number of in-depth UIC 
channels).[7,8] 

In this paper, 55 research-oriented universities in China from 2015 to 2017 were taken as 
samples to analyze the impact of the depth and breadth of industry-academic cooperation on the 
scientific research performance of universities. For analyzing data, we use Stata 14 to do regression 
and tests. The data we collected in this paper has the characteristics of large cross-section dimension 
and small-time dimension, so it is short panel data. After running the LR test and Hausman test, 
random effect model is preferred. 

2. Research Hypothesis and Theoretical Analysis 
2.1 The breadth of UIC channels influences the scientific research performance of colleges 
and universities 

Due to the diversity of UIC channels, such as consulting, joint research, derivative enterprises, 
academic BBS and conferences, they all have their own advantages and disadvantages for scientific 
research in universities. Therefore, dealing with the overall impact of a wide range of cooperation 
channels is complex. At present, many scholars agree that the access of universities to diversified 
research resources including enterprise funds has a positive impact on the improvement of their 
research performance. 

For example, 1. Through a variety of channels to cooperate with enterprises, the scope of 
colleges to acquire and absorb various knowledge and technology has been expanded. Practical 
knowledge and technology from different companies provide more abundant new elements and new 
opportunities for university research activities, broaden the innovative ideas of academic research, 
and thus improve the scientific research performance of universities.[9] 2. While promoting the 
improvement of university research performance, synergies can be generated between diverse 
channels of cooperation. For example, formal and informal channels of UIC have shown 
complementary roles in promoting business innovation,[6] as cooperative participation (eg, 
collaborative research, research services, staff mobility, and other informal contacts) often precedes 
or is accompanied by technology transactions ( Such as patent transfer and licensing). The former, 

59



as an input element of the latter cooperation channel, promotes enterprise innovation and university 
research in a collaborative way.[10] 

However, some scholars believe that UIC with high cooperation intensity will have a negative 
impact on the research performance of universities.[11] The first is the increase in the cost of 
manpower and capital; second, although cooperation improves the level of investment, having 
partners will increase the cost of the project, because they may find it difficult to work together, 
thus negatively affecting the research performance.[12] 

Therefore, this paper believes that there is a threshold, so that when the scope (broadness) of the 
industry-university cooperation channel is within this threshold, the impact on scientific research 
performance is positive, and the influence on scientific research performance changes little or 
becomes negative with the increase or decrease of the breadth. Because the diversity of channels 
requires a large amount of manpower and funds to maintain, which increases the cost, and the 
coordination between different channels becomes more difficult. And fewer channels may not be 
positive feedback, but instead, increase the burden. 

Based on the above analysis, the following hypothesis is proposed: 
H1: There is an inverted U-shaped relationship between the breadth of UIC channels and the 

scientific research performance of universities. 

2.2 The depth of UIC channels influences the research performance of universities 
The depth of the cooperation channels referred to in this paper is the number of channels for 

in-depth cooperation between universities and enterprises, reflecting the depth of the channels of 
cooperation between industry and education. The increase in depth means that universities have 
produced multiple industry-university cooperation with the same enterprise, or they have produced 
industry-university cooperation with different enterprises through the same channel. It can be seen 
that the depth of the UIC channel may have a positive impact on the scientific research performance 
of universities through two ways. No matter which way, it is necessary to establish deep links 
between universities and enterprises to increase mutual trust, so as to gain more practical experience 
and serve scientific research. At the same time, in-depth cooperation between industry and 
academia can improve the scientific research performance of universities by reducing the marginal 
cost of universities and enhancing the collaboration between universities and enterprises. In-depth 
cooperation through a certain channel means that universities have used the same method to carry 
out cooperation activities with outside companies. This scale effect will share fixed costs and 
diminish marginal costs.[13] Universities and enterprises carry out in-depth cooperation in the same 
way for many times, and strengthen their familiarity with each other through long-term run-ins, 
which can not only reduce the uncertainty of cooperation, but also improve their cooperation ability, 
so as to help universities find scientific problems in practice and better carry out research. 

Thus it can be seen that the increase in the depth of industry-university cooperation channels is 
conducive to the development of scientific research in universities. Therefore, the following 
hypothesis is proposed: 

H2: there is a positive correlation between the depth of UIC channels and the research 
performance of universities. 

2.3 The depth of the UIC channels regulates the relationship between breadth and university 
research performance 

This paper believes that the depth of UIC channels not only positively affects the research 
performance of universities, but also weakens the inverted U-shaped relationship between the 
breadth of UIC channels and the research performance of universities. That is to say, if colleges and 
universities invest enough time and energy in the existing industry-academic cooperation channels, 
the diversity of industry-academic cooperation channels will not increase the burden on universities, 
and even improve the performance of scientific research. As demonstrated in hypothesis H1, there 
are two main reasons why the increase in the breadth of UIC channels will bring negative effects on 
the scientific research performance of universities: the increase of cost; the difficulty of 
coordination between different channels.[14] 

60



According to the hypothesis H2 analysis, when universities make in-depth use of certain 
channels for UIC activities, the cost will not increase indefinitely, but the scale effect of diminishing 
marginal cost will occur.[13] If colleges and universities are very familiar with the operation and 
management of each cooperation channel, they will better coordinate these different cooperation 
channels and thus produce the synergy effect of “1+1 > 2”.[15] 

It can be seen that with the deepening of cooperation, the advantages of various channels can be 
exploited to make up for the deficiencies of other channels, and synergies can be realized in the 
improvement of scientific research performance. Therefore, the following hypothesis is proposed: 

H3: the depth of industry-university cooperation channels can weaken the inverted U-shaped 
relationship between breadth and research performance of colleges and universities, making it 
become a positive correlation. 

3. Study Design 
3.1 Data 

The data for this study was derived from multiple databases. 1. “Compilation of Science and 
Technology Statistics of Colleges and Universities” provides data on scientific research input and 
output of universities, such as government funding and number of papers published, as well as some 
data on industry-university cooperation, such as the number of school-enterprise cooperation 
projects and technology service projects. Quantity, etc. 2. The statistical database of the State 
Intellectual Property Office provides data on patent activities of the University. 3. China Alumni 
Association Network (http: / /www.cuaa.net /) published the social reputation scores of colleges and 
universities over the years, which is mainly obtained by professional institutions to 
comprehensively assess the social influence of college alumni. In addition, the official website of 
each university provides relevant information, such as the types of universities. According to the 
above data sources, 60 universities with relatively complete information from 2015 to 2017 are 
selected from 76 universities directly under the Ministry of Education, and then non-research 
universities such as normal universities, arts universities, politics and law universities were 
excluded, and 165 observation samples from 55 universities from 2015 to 2017 were finally 
obtained. 

3.2 Variables 
3.2.1 Dependent Variables 

Scientific research performance is measured as the nature log of the number of published papers 
by universities. The number of published papers is one of the most important indicator of university 
research performance (Banal-Estaol A, Jofre-Bonet M, Lawson C, 2015)[16], and the logarithmic 
function to this variable can reduce the effect of outliers. At the same time, the number of invention 
patent applications and the number of national-level projects were also used as indicators of 
scientific research performance in the robustness test, and the results were basically the same. 

3.2.2 Independent Variables 
Breadth and depth are used to represent the diversity and intensity of the UIC channels. Based on 

existing research and data sources, eight channels are identified including the number of patent 
licenses, patent sales, technology transfer, number of science and technology service projects, 
international project collaboration, entrusted development funds, number of partner dispatches, and 
number of university-controlled listed companies. According to correlation test, multicollinearity 
does not exist among these variables. We use the median of data to determine if the university 
participate in each channel per year, the indicator becomes 1 if it participates, and 0 if not. Sum of 
these eight indicators is the indicator of breadth, the value of the variable breadth spans a range of 0 
to 8. Similarly, the average number per channel among there universities is calculated as proxy. If it 
over average, the depth indicator of that channel becomes 1.  
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3.2.3 Control Variables 
The empirical models include other factors that may affect the research performance, for 

example, universities with high government funding can perform better in R&D. Therefore, control 
variables are included in our model, such as government funding, R&D population, and the 
logarithmic function to these two variables are applied as control variables. The reputation data is 
collected from Chinese alumni network (cuaa.net), and the variable is in range of 0 to 100.  
Another control variable is Technology Transfer Office (TTO). The indicator is 1 if there is a 
national- acknowledged technology transfer institution, and 0 if not. Besides, there are three dummy 
variables are controlled, which includes university types, region, and year.  

To allow for heteroscedastic residuals, standard errors were obtained by the Huber/White 
sandwich estimator (Wooldridge, 2010)[17]. Because the effects of the independent variables on the 
dependent variable may be time‐lagged, a one-year lag is specified for each control variable. To 
eliminate a potential bias introduced by outliers, observations for the variables with extreme values 
lower than the 1% percentile and above the 99% percentile are excluded.  

4. Empirical Analysis 
4.1 Descriptive statistics and correlation analysis 

Table (1) presents the descriptive statistics and correlations of the underlying variables. 
According to the data, the average breadth of UIC (university–industry collaboration) is 6.94, and 
the average depth is 3.85, which means the diversity of UIC has reached a certain level, but 
progression is needed in intensity. Besides, there is a relatively big difference of UIC depth among 
universities since the standard deviation of depth is 2.13. More than one half of the sampled 
universities have government recognized technology transfer agencies. As expected, university – 
industry collaboration performance is positively correlated to both independent variables and 
control variables, and it has high correlation with R&D population and government funding. 
However, Variance inflation factors (VIF) were well under commonly accepted limits of 10 for 
multiple regression models (Neter et al., 1985)[18], so high correlations among these variables will 
not cause problems of multicollinearity in the estimation. 

Table 1 Descriptive statistics and correlatios 

 
4.2 Regression results and analysis 

To investigate the effect of UIC breadth and depth on its performance, estimation results of 
seven distinct models are compared. As shown in table (2), model 1 is basic model and consists of 
all control variables. From the results, the human resources and government funding are 
significantly positively correlated with scientific research performance at the level of 0.01, and 
online reputation and whether universities have nationally recognized technology transfer 
institutions have no significant impact on scientific research performance. In addition, universities 
in the north will be slightly weaker than other regions in scientific research.  

According to model2 and model3, the results shows that the first degree of breadth is 
significantly positive, and the second degree is negative, which supports H1: The breadth of 
university-industry collaboration and the scientific research performance have an inverted U-shaped 
relationship. In model4 and model5, the sign of squared term of depth is not significant, and the 
added second degree of depth did not improve the fit of the model based on LLR test. Hence, H2 is 
supported: The intensity of UIC is significant positively affects university research performance. 
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The next step is an extension of above models by including UIC depth as a moderator of the effect 
of UIC breath on research performance. In model6, the added interaction term of depth significantly 
improves the fit of the model according to the LLR test, and positively moderates the linear effect 
of UIC breath on research performance. Model 7 is the full model and integrates collaboration 
depth as a moderator of the nonlinear effect of UIC breadth. In addition, the cross term of the depth 
and breadth is significantly negative, and the cross term of quadratic breath is significantly positive. 
Therefore, increasing depth can inverse the U-shaped relationship between breadth and scientific 
research performance, and there may be an exponential growth trend with very high depth. Thus, 
support for H3 is provided: UIC depth has a positive moderating effect on UIC breadth. 

Table 2 regression results 

 

5. Conclusion and Insights 
This paper takes the panel data of 55 universities in China from 2015 to 2017 as research objects 

and uses Tobit model to reveal the effects of UIC diversity and intensity on the performance of 
scientific research, and the moderating effect of depth on breadth. From the theoretical analysis and 
empirical evidence, the breath of UIC is not the higher the better. Positive effect on research 
performance is only presented when the diversity is controlled to some certain extent. Additionally, 
by investigating moderating effects, the study sheds further light on the relationship between UIC 
intensity and diversity that more benefit can be exploited with increasing the intensity.  

This study helps alliance managers to understand how to optimize their collaboration strategy 
and how to maximize UIC efficacy. One of the main contributions to emphasize the importance of 
taking into account the deepness of every channel with which university researchers collaborate. 
Therefore, in the evaluation of research proposals, policy makers and managers of programs may 
want to not only actively seek cooperation with enterprises when cooperation channels are limited, 
but also strengthen the established collaboration. In the meantime, universities can increase 
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investment in research funding and human resources to improve research performance. 
Despite its contributions, this study also has certain limitations. Firstly, the number of papers 

published is applied as indicator for UIC performance, but this does not account for all types of 
performance. Secondly, there will exist some deviation in the statistical method when calculate 
depth and breadth. We hope that future research will build on this study to deepen our 
understanding. 
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